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SUMMARY 


Six  hydrometric  stations,  utilizing  moored  instrumen¬ 
tation,  have  been  operated  for  the  San  Francisco  District, 

U.S.  Army  Corps  of  Engineers.  These  stations  were  located 
from  San  Pablo  Bay  up  into  the  upper  Suisun  Bay.  Data 
acquisition  covered  the  period  from  February  1979  through 
June  1980.  Operational  aid  was  also  furnished  to  the  U.S. 
Geological  Survey  for  an  additional  data  acquisition 
period  of  July  1980  through  January  1981. 

Five  stations  were  to  be  located  on  navigation  pilings 
on  the  edge  of  the  main  channel,  each  with  bottom,  mid-depth, 
and  near  surface  sensors  to  record  tidal  elevation,  current 
speed  and  direction,  salinity,  temperature,  and  percent 
light  transmission.  An  additional  station  was  located  in 
Grizzly  Bay  with  one  set  of  sensors  at  mid-depth  for  salinity, 
temperature,  and  percent  light  transmission.  Data  were 
collected  at  30  minute  intervals  and  recorded  on  digital 
cassettes  for  later  computer  processing. 

Government-supplied  instrv  '®j. cation  manufactured  by 
InterOcean  Systems,  Inc.  was  useu  for  this  program.  Inter- 
Ocean  Systems,  Inc.  was  also  responsible  for  necessary 
electronic  repairs  of  the  instrumentation  during  the  duration 
of  the  program.  Model  51 3D  multiparameter  data  acquisition 
systems  were  provided  including  temperature,  conductivity, 
and  depth  (tide)  probes.  Model  '510-Tr  turbidity  probes  were 
added,  as  were  electromagnetic  current  probes  provided  by 
Marsh  McBirney  and  integrated  by  InterOcean  into  the  package. 
All  signals  were  cabled  to  the  surface  into  InterOcean  Model 
580  cassette  data  recorders  installed  along  with  batteries 
in  weatherproof  boxes  on  top  of  the  navigation  pilings. 

During  the  two  year  period,  no  moored  instrumentation 
was  lost,  but  a  surface  recorder  on  the  Coast  Guard  navigation 
piling  supporting  the  San  Pablo  station  was  vandalized  once. 
Stations  were  visited  for  instrument  checks  or  for  maintenance 
every  two  weeks  and  more  often  when  instrumentation  problems 
were  encountered. 

Overall  data  recovery  was  limited  to  67  percent  due  to 
frequent  but  diverse  electronic  failures  of  both  underwater 
instrumentation  and  surface  recorders.  This  data  recovery 
does,  however,  represent  approximately  1.8  million  data 
points.  A  second  major  problem  encountered  was  that  of  data 
interrupts  in  the  cassette  recording  system  causing  ambiguities 
in  the  time  sequencing  of  data.  To  accomplish  time  marks  on 
the  cassette  data  tapes,  it  was  necessary  to  resort  to 
elaborate  checking  for  time  sequencing  during  construction 
of  data  files  as  well  as  an  instrument  retrofit. 
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Except  for  changes  due  to  time  sequencing  checks  and 
computer  screening  for  spurious  values,  the  data  are  now 
available  in  raw  form.  No  interpretive  quality  screening  has 
been  done.  The  data  are  available  at  the  San  Francisco 
District,  Corps  of  Engineers  as  tabulations,  on  single-  and 
9-track  tape,  and  as  microfiche  in  the  form  of  multiparameter 
plots . 
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INTRODUCTION 
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This  report  summarizes  the  efforts  of  Kinnetic  Labora¬ 
tories,  Inc.  in  satisfying  the  requirements  of  the  contract 
for  "In-situ  Field  Data  Gathering  Stations:  San  Francisco 
Bay  Delta  Salinity  Intrusion  with  Navigation  Channels" 
(Contract  No.  DACW07-78-C-0049 ) .  The  contracted  work  con¬ 
sisted  of  a  prototype  data  acquisition  study  of  the  San 
Francisco  Bay-Delta  region  extending  from  San  Pablo  Bay 
through  Carquinez  Straits  to  Chipps  Island  in  Suisun  Bay. 

The  period  of  contracted  work  was  from  July  1978  (Notice  to 
Proceed)  to  September  1980,  with  actual  data  acquisition 
occurring  in  the  period  from  February  1979  through  June 
1980.  Operational  aid  was  also  furnished  to  the  U.S. 
Geological  Survey  for  an  additional  data  acquisition 
period  of  July  1980  through  January  1981. 

The  purpose  of  the  study,  as  stated  in  Schedule  "A" 
(Scope  of  Services)  of  the  contract  (Appendix  1),  was  to 
obtain  a  quantitative,  detailed  data  base  on  salinity, 
temperature,  and  turbidity  variants  with  tides  and  currents. 
The  information  is  to  be  used  by  the  government  to  evaluate 
the  short-  and  long-term  response  times  of  the  prototype  for 
the  purpose  of  further  calibration  of  the  physical  hydraulic 
model  of  San  Francisco  Bay  and  Delta.  The  data  by  itself 
will  also  serve  as  a  historic  record  of  the  hydraulics  and 
estuarine  mixing  processes  in  this  important  part  of  the  Bay 
system  during  this  two  year  period. 

Under  the  terms  of  the  contract,  the  obligation  of 
Kinnetic  Laboratories,  Inc.,  was  as  follows: 

a)  Install  and  maintain  instrumentation  suitable  for 
gathering  prototype  data  on  San  Francisco  Bay-Delta; 

b)  Develop  the  necessary  software  to  convert  the  data 
into  the  specified  form  as  set  forth  in  paragraph  3 
of  Schedule  "A"; 

c)  Furnish  documentation  of  all  required  computer  pro¬ 
grams;  and 

d)  Furnish  the  results  to  the  government  in  the  form 
and  at  the  times  set  forth  in  Schedule  "A",  and 
furnish  all  necessary  personnel,  facilities, 
equipment,  materials,  and  transportation  to  perform 
the  work  described  therein  in  a  professional 
manner . 
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This  report  documents  the  fulfillment  of  these  obliga¬ 
tions  by  Kinnetic  Laboratories,  Inc.  and  the  successful 
completion  of  the  prototype  data  acquisition  study,  in  the 
first  section,  field  operations  (including  instrumentation, 
station  locations,  mooring  design  and  routine  servicing 
procedures)  are  described.  Discussion  of  actual  field 
proceedings  throughout  the  course  of  the  study  follows,  as 
well  as  reports  on  special  studies  undertaken  to  calibrate 
the  instruments.  In  the  data  processing  section,  software 
developed  both  under  government  specification  and  in 
response  to  unanticipated  hardware  problems  is  described 
and  the  data  processing  procedure  outlined.  A  brief  overview 
of  actual  data  recovery  is  given  in  the  Results  section. 
Recommendations  helpful  to  future  studies  are  also  included. 
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FIELD  OPERATIONS:  DATA  GATHERING 


Description 

The  data  gathering  portion  of  the  study  involved 
establishment  of  stations,  installation  of  moorings,  deploy¬ 
ment  of  instrumentation  for  taking  observations  and  record¬ 
ing  data,  and  procedures  for  maintaining  and  servicing  the 
equipment.  Measurements  of  salinity,  temperature,  current 
speed  and  direction,  turbidity,  and  pressure  (tidal  heights) 
were  taken  with  modern  electronic  oceanographic  probes. 
Information  was  recorded  at  half-hour  intervals  onto  cassette 
tapes  to  be  later  input  into  computer  data  processing 
systems. 


Equipment  and  Instrumentation 

The  electronic  data-gathering  and  recording  equipment 
was  furnished  by  the  government  as  set  forth  in  the  contract. 
Original  specifications  for  the  instrumentation  called  for 
precision  of  parameter  measurements  as  follows: 

a)  Tidal  stages  (±1  cm  MLLW  10  sec  sample) 

b)  Currents  (magnitude  ±0.05  m/s  and  direction  ±5°) 

c)  Electrical  conductivity  corresponding  to  salinities 
of  one  to  twenty-five  parts  per  thousand  (0.02 

mi 11 imho/cm) 

d)  Temperature  ±0.01 °C 

e)  Turbidity  (optical  transmissibility)  ±2%  full 
scale 

During  contract  negotiations,  InterOcean  equipment  was 
selected  jointly  by  Kinnetic  Laboratories,  Inc.  (KLI)  and  by 
the  Corps  of  Engineers.  Major  factors  in  the  selection  of 
InterOcean  equipment  included  the  multiple  probes  required, 
the  high  precision  specified  by  the  Corps  for  the  various 
parameters  (especially  conductivity  and  temperature),  and 
the  Corps  requirement  for  quick  delivery  which  did  not  allot 
time  for  custom  engineering  and  developmental  testing. 
InterOcean  already  had  such  probes  integrated  into  their 
on-the-shelf  systems.  Published  specifications  of  their 
probes  were  also  within  those  established  by  the  government. 
Minor  configuration  and  packaging  modifications  for  the 
convenience  of  the  application  were  also  within  InterOcean's 
capability. 
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The  salinity  probe  provided  by  InterOcean  was  of  the 
induction  type.  For  this  critical  parameter,  it  was  felt 
that  the  induction  type  of  probe,  rather  than  the  electrode 
type,  would  be  much  more  reliable  over  the  intended  two  year 
program. 

In  addition,  InterOcean  could  supply  a  rotor  and  vane 
type  current  sensor,  but  had  also  been  using  the  electro¬ 
magnetic  sensor  built  by  Marsh-McBirney  with  their  equipment. 
Although  the  rotor  and  vane  sensors  of  both  InterOcean  and 
other  equipment  suppliers  were  less  expensive,  it  was  felt 
that  the  electromagnetic  type  would  produce  better  results 
because  of  biological-  and  debris-fouling  problems.  Severe 
fouling  problems  were  encountered  during  the  program.  The 
government's  decision  to  use  the  more  expensive  electromag¬ 
netic  current  sensors  certainly  increased  the  current  data 
return  over  that  which  would  have  been  taken  with  mechanical 
sensors. 

Two  other  factors  influenced  the  selection  of  InterOcean 
equipment.  They  were  located  relatively  close  to  the  study 
area  such  that  any  factory  equipment  repairs  would  minimize 
data  loss,  and  they  provided  a  one-year  parts  and  labor 
warranty  on  all  equipment. 

With  the  information  that  was  available  at  that  time, 
InterOcean  was  the  logical  choice  of  equipment  suppliers. 

Their  final  design  is  shown  in  Figure  1 .  Equipment  descrip¬ 
tions  and  specifications  are  given  in  Appendix  10. 

A  choice  of  recording  methodologies  was  available. 

Each  probe  could  be  hard-wired  to  a  common  recorder  and  data 
could  be  stored  on  tape  for  periodic  retrieval,  or  the  data 
could  be  telemetered  from  each  station  to  a  central  collections 
and  storage  facility.  The  telemetering  option  has  several 
advantages  and  disadvantages.  The  biggest  advantage  would 
be  the  prompt  recognition  of  equipment  malfunctions  and 
therefore  minimized  loss  of  data.  Other  advantages  would 
include:  less  frequent  scheduled  maintenance  visits  to 

each  station;  probably  less  data  work-up  time  than  required 
for  individual  tapes;  and  no  loss  of  data  from  an  entire 
station  because  of  recorder  failures.  Some  disadvantages  of 
telemetering  would  include:  the  necessity  to  continue 
scheduling  regular  maintenance  visits  to  the  stations;  the 
possibility  of  data  loss  due  to  unanticipated  shadow  zones, 
interferences,  or  weak  signals  during  storms;  the  uncertainty 
of  the  central  collection  facility  location  and  logistics  of 
maintenance;  the  loss  of  all  data  in  the  case  of  the  central 
facility  failure;  and  the  substantially  higher  cost  of  this 
option.  Because  of  funding  limitations,  the  first  mode  of 
data  collection  was  chosen  by  the  Corps  of  Engineers. 

The  recording  format  is  shown  in  Figure  2,  which  was 
taken  from  the  instruction  manual  supplied  with  the  recorders. 
Since  the  conductivity  and  current  sensors  both  operate  by 
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•  NO  MOVING  PARTS 

•  CURRENT  SPEED  AND  DIRECTION 

•  CHOICE  OF  MULTIPLE  SENSORS:  C/S/T/D/Do/pH/Tr/Tide/Splon/SV 

•  RELIABLE,  STABLE,  ENCAPSULATED  SENSORS 

•  MODULAR  CONSTRUCTION 

•  FOR  MOORINGS  WITH  MAGNETIC  TAPE  RECORDING  OR  RADIO  LINK 

•  FOR  PROFILING  WITH  ON  BOARD  DIGITAL  DISPLAY  AND  RECORDING 


MODEL  196  R 

INTEGRATED  OCEANOGRAPHIC  AND  WATER  QUALITY 
MONITORING  SYSTEM. 


The  interOcean  Model  1 96R  permits  the  user  to  simultaneously  obtain  in-situ  data  from  a  wide  choice  of 
commonly  measured  parameters.  Included  are  current  speed  and  direction,  using  a  no  moving  parts 
electromagnetic  current  speed  sensor  and  a  no  moving  parts  flux  gate  compass.  The  user  may  also  select 
any  combination  of  the  following  parameters:  Conductivity,  Salinity,  Temperature,  Depth,  Sound  velocity. 
Dissolved  Oxygen,  pH,  Turbidity,  Oxidation  Reduction  Potential,  and  Tide  measurement.  Parameters  may 
be  selected  initially  or  may  be  easily  added  later  in  the  field  by  the  user. 

All  data  channels  are  transmitted  via  cable  to  a  remote  data  display,  data  recorder,  or  radio  telemetry  link. 
Alternatively,  the  data  may  be  recorded  m-situ  on  a  self  contained,  programmable  digital  data  cassette 
recorder.  The  system  may  be  used  as  a  profiler,  and  it  may  be  installed  for  long  term  monitoring  projects. 

The  Model  1 96R  is  ruggedly  built  for  the  severest  environments  where  corrosion,  bio-fouling,  and  the 
threat  of  physical  damage  would  greatly  limit  the  use  of  mechanical  rotor  or  impellor  devices.  The  1 96R  uses 
a  spherical,  solid  state,  no  moving  parts,  electromagnetic  current  velocity  sensor.  Two  pairs  of  orthogonal 
electrodes  sense  the  X  and  V  components  of  the  velocity  vector  with  a  fast  response.  A  flux  gate  compass  is 
used  to  determine  the  orientation  of  the  instrument  with  reference  to  magnetic  north. 

The  excellent  cosinusoidal  tilt  response  of  the  spherical  sensor  permits  the  measurement  of  horizontal  water 
velocities  in  the  presence  of  vertical  water  motion.  Large  components  of  vertical  water  motion  are  often 
introduced  by  the  orbital  motion  of  a  mooring  or  while  making  vertical  current  meter  profiles.  It  is  therefore 
extremely  important  for  the  sensor  to  reject  the  effects  of  vertical  velocity  in  order  to  avoid  large  errors  in  the 
measurements  of  the  true  horizontal  velocities. 

This  combination  of  rugged  construction,  no  moving  parts,  fast  response,  and  superior  performance  on  a 
mooring  or  while  profiling  makes  the  1 96R  ideally  suited  to  applications  in  hazardous  environments  and  tor 
long  term  installations  without  the  need  for  frequent  servicing  and  maintenance. 


SPECIFICATIONS 


Parameter 

Range 

Precision 

Time  Constant 

Comments 

Currant  Spaed 

0*300  cm/sec 

±  2  cm/sec. 

i  sec 

Electromagnetic,  no  moving  parts 

Current  Direction 

0-360 

*  2 

100  m  sec 

Flux  gate  compass 

Conductivity 

0-65  mmfios/cm 

±  0  02  mmhos/cm 

20  m  sec. 

By  induction,  encapsulated  sensor 

Salinity 

0-45  PPT 

£  0  02  PPT 

i  4^ec.  stnd 

Automatic,  continuous  output 

Temperature 

-5  to  -45  C 

£  0  02  C 

1.4  sec  slnd: 

Linearized  thermistor,  platinum 

60m  sec  odl 

resistance  sensor 

Depth 

£  0  15%  fs 

60  m  sec 

0-6Q00m 

*Sound  Velocity 

1 400- 1 600m, 'sec. 

£  0  1  m/sec 

GOm-sec^* 
5-Udheec.  '4^v^ 

Sing-afcounq  sensor  | 

★Otssolved  Oxygen 

0-20  PPM 

£  1%  fs 

Voltaic,  potarographic  membrane 

'  * 

*PH 

2-12  pH 

£  0  05  pH 

★Turbidity 

±2'rlS  '  S' 

_  > 

jftcatpeth  length  1 

♦Specific  Ions 

-  Request  Mformai  ion  7orsfcec^*ppJfc«fion  I 

*Redox 

Power  Input:  ±  1 2  VDC  ±  I  Ab  1 0Omar 
Signal  Output:  High  level  DBwoJtape  jot  ear 

Also  see  detailed  descripp^g  of  sensors  a) 


:data  channel  alreeil^soalec 


n  engineering  units. 


Pressure  Case 

Materiel:  316  stainless  steel 

Depth  Capability: 

Weight  in  Air: 

Weight  in  Water: 

Length:  76  cm 


*These  probe1 

lal  1 000  m 
fa)  23  Kg. 
lal  10.5  kg 
Pressure  Case:  112  cm  overall 


electiooioa Sslert tOlMRobe I  195M  current  meter  and  Model  51 3D  probe 

s mmm.  / 


part  of  our 

(b)  7000  m 
|b)  45  kg 
lb)  33  kg 


moored  meters . 


Diameter:  1 5  cm 


Figure  1  .  Final  Design  Sj - 
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(see  Notes  for  Figure  2,  Following  Page) 
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PROBE  1 


PROBE  2 


PROBE  3 


PROBE  1 


PROBE  2 


PROBE  3 


CHANNEL : 


f D072 

0016 

1476 

0784 

0072 

0016 

1476 

0790 

J  0072 

0016 

1476 

0793 

0072 

0016 

1476 

0795 

A  0890 

0012 

0008 

0296 

0890- 

-0005- 

-0002 

0295 

\9890- 

-0011- 

-0006 

0295 

0890- 

-0004- 

-0004 

0296 

A 0802 

3918 

1424 

0836- 

-0802 

3918 

1424 

0836 

1-0802 

3917 

1424 

0836- 

-0802 

3918 

1424 

0837 

]  0807 

0021 

0013 

2448 

0807 

0007 

0004 

2453 

V0807 

0014 

0010 

2453 

0808 

0017 

0036 

2450 

('-0592 

3839 

1429 

0789- 

-0592 

3839 

1429 

0789 

1-0592 

3839 

1429 

0789- 

-0592 

3839 

1429 

0789 

0589 

0010 

0042 

2743 

0589- 

-0000 

0017 

2743 

!  0589 

0001 

0010 

2741 

0589- 

-0001 

0005 

2741 

-0070 

0014 

1515 

0763 

0070 

0014 

1515 

0774 

J  0070 

0014 

1515 

0780 

0070 

0014- 

1516 

0784- 

- 

j  C890- 

-0008-0009 

0295 

0890- 

-0005- 

-0012 

0295 

1^0890- 

-0005-0002 

0296 

0890- 

-0004 

0003 

0296 

J 

—0802 

3928 

1442 

0836- 

-0802 

392B 

1442 

0836\ 

j— 0802 

3928 

1442 

0836- 

-0B02 

3928 

1442 

0836  ) 

>  0307 

0020 

0019 

2461 

0807 

0007 

0013 

2460  ( 

^807- 

-0003 

0001 

2460 

0808-0002 

0003 

2461  ' 

A>592 

3849 

1444 

0789-0592 

3849 

1444 

0789 

f 

1-0592 

3849 

1444 

0789- 

-0592 

3B49 

1444 

0789 

<  0589 

0009 

0041 

2741 

0589 

0007 

0011 

2741 

1^0589- 

-0001 

0004 

2741 

05B9 

0002 

0008 

2741^ 

1 A 

2A 

3A 

4  A 

1  A 

2A 

3A 

I 

4A 

T 


<3B34A1400Y0768.'0095;f3834;'!1400''j077E 
DATA  FORMAT  v uuv  ;v%383 5^-1 399^.07^84X  00.9 5A-3 835.^1 399A07B9y 

FOR  PROBE  WITH  /08WN0020  'OOlO'^O18S^<6S9b'7OOO0Y'OOlG''y 
DEPTH  Vp390;<p008>0009A0194yp890X0006\0003Xpi90v 

CHANNEL : 


DATA  FORMAT  FOR, 
PROBE  WITHOUT 
DEPTH 


-ustci]  3823  \  1 404)^0789^0592^  3823'-'  1404v  078<7\ 
r0592F  3823'<1405AQ7B^-0592,-  382a  140.4  073? 
^05%>.  0012,  0042^,2739  :  0589\ 6004>00 19s.2736  \ 
^0589^0002X0007: '(2736^0589-0003.  OOOSx  2738  > 


@  ®  ©  fc)  @>  ®  ©  © 
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NOTES  FOR  FIGURE  2 


(from  Operations  and  Maintenance  Manual) 


Recording  Forget 

The  format  used  to  record  the  data  on  the  cassette  consists  of  eight 
lines  in  what  is  called  a  group,  each  line  consisting  of  eight  words. 

Each  group  will  contain  four  lines  of  data  for  each  probe;  lines  one 
through  four  for  one  probe;  lines  five  through  eight  for  another.  In  each 
group  of  four  lines,  lines  one  and  two  will  be  identical  in  format  as  will 
lines  three  and  four. 

The  first  and  fifth  word  in  each  line  will  be  channel  1,  the  second 
and  sixth  will  be  channel  2,  the  third  and  seventh  will  be  channel  3,  and 
the  fourth  and  eighth  will  be  channel  4. 

The  first  two  lines  will  record  channels  1A,  2A,  3A  and  4A.  The 
remaining  two  lines  will  record  channels  IB,  2B,  3B,  and  4B. 

As  an  example.  Figure  2  shows  actual  recorded  data  from  a  680  MUX 
RECORDER  INTERFACED  WITH  A  MODEL  195SP  PROBE  RECORDER  SWITCH.  Selections 
are  as  follows: 


CHANNEL  SELECT 
SCAN  RATE  (seconds) 
REP.  RATE  (hours) 
DATA  SCAN  SELECT 
DATA  SETS/GROUPS 


4 

30 

0.5 

NA 

DATA  SETS 


This  Recorder  recorded  channels  1,2,3,  and  4  every  30  seconds.  For 
this  example,  channel  1A  is  Depth  or  -ID(D/-ID),  channel  2A  is  Conductivity 
(C) ,  channel  3A  is  Temperature  (T) ,  channel  4A  is  Turbidity  (TR) ,  channel 
IB  is  +ID,  channel  2B  is  Current  (Vx) ,  channel  3B  is  Current  (Vy) ,  and 
channel  4B  is  Direction  (DIR).  Each  line  is  read  from  left  to  right 
(D/-ID,C,T,TR)  or  (+ID,  Vx,  vy,  DIR).  Each  line  represents  one  minute 
of  recording  time,  i.e.,  30  seconds  for  each  scan  of  four  (4)  channels. 

This  pattern  repeats  for  eight  lines,  which  constitutes  a  group  of  data. 
Then  there  is  a  break  in  the  record,  but  not  in  time,  and  a  new  group 
is  started. 


Each  word  in  a  line  is  a  four  digit  representation  of  the  analog  input 
voltage  in  millivolts,  and  each  analog  input  is  a  representation  of  a  sea 
water  parameter  expressed  directly  in  engineering  units,  for  example,  a 
conductivity  reading  of  4756  means  the  conductivity  is  actually 
47.56  millimhos/cm  (see  Table  4,  p.  28) . 


Annotating  the  Record 

When  the  Recorder  is  used  with  the  InterOcean  Systems,  Inc.  Model 
195SP  the  records  are  annotated  by  the  +id  and  -ID  parameters  of  each 
probe,  allowing  the  user  to  correlate  recorded  parameters  to  the  probe  from 
which  they  were  obtained. 
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setting  up  an  electromagnetic  field  surrounding  the  probe, 
these  would  interfere  with  each  other  if  measured  simultan¬ 
eously.  Therefore,  the  recorders  were  programmed  to  activate 
half  of  the  sensors  at  one  level,  then  the  other  half  at 
that  level  taking  four  readings  two  seconds  apart  for  each 
parameter.  The  second  and  third  levels  were  then  activated 
in  the  same  way.  Therefore,  measurements  were  taken  at  all 
three  levels  every  half  hour,  as  specified,  within  less  than 
a  one-minute  period.  To  minimize  battery  drain,  the  probes 
were  not  powered  during  the  interval  between  readings. 

During  the  course  of  the  study,  it  was  found  that  a 
reading  of  real  time  on  the  data  record  would  be  a  substantial 
aid  in  data  processing.  This  is  discussed  in  detail  later 
in  this  report.  Referring  to  Figure  2,  the  time  mark  is 
recorded  as  a  substitute  for  the  positive  ID  voltage  during 
the  interrogation  of  the  first  probe  in  the  series  of  three. 

An  example  of  this  can  be  found  in  Appendix  9. 

During  the  testing  period  prior  to  initial  installation, 
it  was  discovered  that  three  of  the  meters  did  not  meet 
specification  "b)"  listed  above.  The  government  subsequently 
issued  a  contract  modification  (see  Appendix  4)  relaxing 
that  specification  to  read:  "b.  currents  (magnitude  ±101  of 
full  scale  and  direction  ±5*)"  in  order  to  avoid  further 
delay  in  the  installation  of  the  equipment  in  the  field. 


Station  Locations 

As  specified  in  the  contract,  six  stations  were 
installed  from  which  observations  of  the  water  column  were 
taken.  Stations  1  through  5  (San  Pablo  Bay  to  Chipps 
Island)  were  detailed  in-situ  stations,  observing  tempera¬ 
ture,  conductivity,  current,  and  turbidity  at  three  levels 
in  the  water  column  (near  surface,  mid-depth,  and  near 
bottom)  as  well  as  tide  height  measured  at  the  bottom  only. 
Station  6  (Grizzly  Bay)  was  a  limited  in-situ  station, 
taking  observations  of  temperature,  salinity,  and  turbidity 
at  mid-depth  level  only. 

Originally,  three  additional  stations  were  planned,  one 
full  station  in  the  San  Joaquin  River,  another  in  the 
Sacramento,  each  slightly  upriver  from  where  they  join  at 
Pittsburg,  and  a  limited  station  in  Honker  Bay.  Funding 
restrictions  necessitated  the  elimination  of  these  stations. 

Original  specifications  and  plans  for  installation 
called  for  station  locations  as  follows: 
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Station  Station 


Wo. 

Name 

Station  Location 

Latitude 

Longitude 

1 

San  Pablo 

San  Pablo  Bay,  Pile  "9" 

38*02' 32" 

122*21' 

04" 

2 

Carquinez 

Carquinez  Strait,  Pile  "20" 

38*03' 20" 

122*11' 

39" 

3 

Benicia 

Suisun  Bay  above  Benicia  Bridge, 

38*02' 40" 

122*06* 

30“ 

Pile  "6* 

4 

Pt.  Chicago 

Suisun  Bay  at  Port  Chicago, 

38*03 '56" 

122*01* 

12" 

Pile  *17" 

5 

Chippa  Ial. 

Suisun  Bay  at  Chipps  Island, 

38*03' 07" 

121*55' 

57" 

Pile  "27" 

6 

Grizzly  Bay 

38*07'04" 

122*02* 

18" 

Prior  to  installation,  two  of  the  original  station 
locations  were  changed.  Upon  notification  by  the  Coast 
Guard  of  a  planned  removal  of  Pile  #17,  it  was  decided  to 
relocate  station  4  (Port  Chicago)  at  the  next  pile  upriver 
(east),  Pile  #19.  A  reconnaissance  visit  to  the  planned 
station  locations  showed  that  Pile  #20,  the  proposed  site 
for  station  2  (Carquinez  Straits),  was  unsuitable  due  to 
shallow  water  depth  and  its  apparent  location  in  a  reverse 
eddy  during  ebb  tide  conditions.  The  station  location  was 
moved  west  along  the  strait  to  the  abandoned  Southern 
Pacific  Railroad  grain  loading  docks.  The  final  locations 
for  all  stations  are  as  follows: 


Station  Station 

Wo.  Name _ Station  Location _ Latitude  Longitude 

1  San  Pablo  San  Pablo  Bay,  Pile  *9"  38*02'32"  122*21’04" 

2  Carquinez  Carquinez  Strait,  abandoned  SPRR  38*03' 24"  122* 12' 11" 

wharf 

3  Benicia  Suisun  Bay  above  Benicia  Bridge,  38*02'40”  122*06*30" 

Pile  "6" 

4  Pt.  Chicago  Suiaun  Bay  at  Port  Chicago,  38*03'48"  122*00'05" 

Pile  "19" 

5  Chippa  Ial.  Suiaun  Bay  at  Chippa  Island,  38*03’07"  121*55’57" 

Pile  "27" 

6  Grizzly  Bay  38*07'04"  122*02' 18" 


Station  locations  are  shown  in  Figure  3. 

Written  authorization  for  the  use  of  the  Coast  Guard 
navigational  aids  providing  support  for  the  stations  was 
received  from  the  Twelfth  Coast  Guard  District,  San  Francisco. 
Permission  to  install  the  station  at  the  wooden  dolphin  in 
Grizzly  Bay  and  for  the  use  of  the  abandoned  SPRR  dock  at 
station  2  (Carquinez)  was  obtained  from  the  Lands  Transaction 
Unit  of  the  State  Lands  Commission  as  well  as,  for  the 
latter.  Southern  Pacific  Transportation  Company. 
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The  stations  were  designated  to  be  placed  on  Coast 
Guard  navigational  aids  or  other  similar  pilings  for  several 
reasons.  They  were  always  in  close  proximity  to  the  area's 
main  shipping  channel,  around  which  the  study  centered. 

At  the  same  time,  they  afforded  a  maximum  amount  of  protec¬ 
tion  against  damage  to  the  expensive  equipment  from  the 
heavy  boat/ship  traffic  common  in  the  study  area.  While 
mid-channel  measurements  would  certainly  be  desirable,  the 
risk  to  the  equipment  and  logistical  constraints  of  periodic 
servicing  under  these  conditions  ruled  out  this  possibility. 
The  configuration  of  the  mooring,  discussed  in  detail  in 
the  next  section,  was  designed  around  these  pilings  (see 
Figure  4)  in  order  to  maximize  servicing  efficiency  and 
protection  of  the  instrumentation. 


Mooring  Design/Instrument  Setup 

At  stations  1  through  5,  the  electronic  monitoring 
instruments  were  suspended  in  the  water  from  a  "clothesline" 
consisting  of  a  five  foot  stainless  steel  standoff,  heavy 
metal  winch,  stainless  cable,  and  bottom  block  with  a  sheave 
made  of  Delrin  plastic  connected  to  a  railroad  wheel  anchor 
(see  Figure  5).  The  meters  were  clamped  onto  one  side  of 
the  cable  and  therefore  could  be  raised  or  lowered  by 
manually  cranking  the  winch.  The  recorder  and  batteries 
were  contained  in  a  locked  weatherproof  box  situated  on  the 
navigational  aid  platform. 

Electronic  cables  to  each  meter  passed  from  the  recorder 
through  a  protective  pipe  which  was  clamped  to  the  piling 
and  extended  underwater,  even  at  low  tides. 

The  system  at  Grizzly  Bay  was  deployed  differently  due 
to  different  physical  conditions.  The  mooring  line  con¬ 
sisted  of  stainless  steel  cable  attached  to  the  top  of  the 
wooden  dolphin  and  anchored  on  the  bottom  by  an  automobile 
engine  block.  The  meter  at  this  station  was  suspended 
horizontally  (because  of  the  shallow  depth  at  this  station) 
by  attaching  a  wire  bridle  to  a  ring  on  the  mooring  line  at 
abut  mid-depth  (see  Figure  6).  A  locked  weatherproof  box  on 
top  of  the  dolphin  housed  the  recorder  and  batteries.  The 
probe  cable  extended  from  the  box  down  the  mooring  line  to 
the  meter. 

The  major  instrumentation  needed  for  the  field  stations 
is  listed  in  Table  1. 


Standard  Servicing  Procedures 

Servicing  of  the  equipment  was  carried  out  utilizing 
the  KLI-owned  RV  Prophesy,  a  30-foot  diesel  powered  vessel, 
fully  equipped  with  hydraulic  winches  and  marine  electronics. 
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BOAT  TRAILER  — ^ 
REDUCTION  DRIVE 
WINCH  WITH 
FIBERGLASS  ORUM  - 
3  WRAPS  OF  WIRE 
AROUND  DRUM 


CONDUCTOR  CABLES 
SEIZED  TO  WIRE  ROPE 
WITH  NYLON  TWINE  — s 


WEATHER  RESISTANT  - - 

LOCKED  CONTAINER  WITH 
RECORDER  a  16  AMP -HR. 
MOTORCYCLE  BATTERIES 


ST.  STL.  STANDOFF  ■ 


fl 


TOWILL 

SURVEY 

MARK 


ST.  STL.  BOLTS 


4  INCH  OIAMETER  ABS  PIPE  — 
TO  HOUSE  CONDUCTOR  CABLES 


ST.  STL.  BINDING 
BANDS  (BAND  IT  ™  ) 


1/4  INCH  ST.  STL. 
WIRE  ROPE 


18  INCH  GALVANIZED 
STEEL  PILING 


BOLT-ON  ATTACHMENT - 
FOR  PROBE 


SLIDING  PIGTAILS 
(  REF.  TEXT) 


BLOCK  WITH  ST.  STL.  SHELL 
.  8  INCH  DELRIN  SHEAVE 


ST.  STL  TURNBUCKLE 
WITH  ZINC 


5/8  INCH  NYLON  LINE 
OR  |/4  INCH  CHAIN  TO 
PREVENT  SPINNING 
-OF  WEIGHT 


N  N«  X  N  \  X 


750  LB.  RAILROAD  WHEEL 


Figure  5.  Mooring  Design,  Stations  1  Through  5 
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Table  1.  Major  Instrumentation  List 
(Manufacturer:  InterOcean) 


Model 

Number 

Description 

No.  per 
Station 

No.  of 
Stations 

Total 

513D-C 

Multiparameter  Probe 
with  Conductivity 

3  [  +  1 

1 imited 
station 
( ltd  sta ) ] 

5  (  +  1) 

16 

513D-T 

Temperature  Probe 

3  (  +  1 
ltd  sta) 

5  (  +  1) 

16 

513D-D 

Depth  Probe 

1 

5 

5 

51 O-Tr 

Turbidity  Probe 

3  (  +  1 
ltd  sta) 

5  (  +  1) 

16 

500CS 

Standard  Conductivity 
Calibration 

1 

1 

1 

1  95R 

Electromagnetic 

Current  Meter 

Option  for  51 3D 

3 

5 

15 

680 

Digital  Magnetic  Tape 
Cassette  Recorder, 
Programmable  Timer 
with  Case  Option 

1 

6 

6 

— 

Cabling 

1  (  +  1 
ltd  sta) 

5  (  +  1) 

6 

5  1  4D 

Precision  Digital 
and  Analog  Readout, 
Scan,  115VAC/12VDC 
Field  Case 

1 

1 

1 

696 

Digital  Magnetic  Tape 
Cassette  Reader 

1 

1 

1 

— 

Recorder  Timer 
Circuitry  (retrofit) 

1 

6 

8* 

*1  Master  "clock",  plus  1  per  recorder,  including  the  spare. 


Note:  This  table  does  not  include  the  spares  which  consist 

of  one  complete  probe  package,  one  recorder,  several 
cables  and  cable  components,  one  complete  set  of 
spare  circuit  boards  for  a  probe  package,  and 
miscellaneous  electronic  components. 
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Original  specifications  called  for  monthly  servicing  of  the 
equipment,  but  early  in  the  planning  stages,  this  was 
modified  to  two-week  intervals  to  enable  more  timely 
discoveries  of  instrument  problems.  The  first  bi-weekly 
trip  was  (normally)  a  one-  to  two-day  "fly-by."  During  the 
second  monthly  visit  the  "fly-by"  procedures  were  repeated 
but  in  addition,  the  instruments  were  raised  to  the  surface 
and  examined  for  fouling,  sensor  integrity,  and  the  condi¬ 
tion  of  the  sacrificial  zinc  anodes  protecting  each  probe 
package  as  well  as  the  mooring  hardware.  The  time  required 
for  this  was  from  one  to  three  days.  Additionally,  if 
problems  were  encountered  which  were  not  solvable  in  the 
field,  special  additional  trips  were  necessary. 

Fly-by  procedures  included  visiting  all  six  stations 
and  changing  cassette  tapes  and  batteries.  Additionally, 
each  meter  was  interrogated  with  the  InterOcean  digital  data 
readout  to  determine  the  condition  of  all  sensors.  The 
interrogation  was  carried  out  by  detaching  the  cable  for 
each  probe  in  turn  from  the  recorder  and  connecting  it  to 
the  readout.  Real  time  data  was  then  measured  at  each  probe 
for  each  parameter.  The  information  for  each  station  was 
recorded  on  Data  Logger  Check  Sheets,  which  also  documented 
start  and  end  times  for  the  data  cassettes  and  problems  with 
meters  or  servicing.  When  recorder  clocks  were  installed 
(October  1979),  clock  readings  were  also  recorded.  In 
February  1980,  measures  of  tide  heights  at  the  interroga¬ 
tion  time  for  each  station  were  included  in  the  monitoring 
procedure  as  well.  When  an  interrupt  in  the  monitoring 
occurred  such  that  data  were  lost,  a  Data  Interrupt  sheet 
was  completed  to  document  this  event.  Meter  and  recorder 
removals  and  changes  were  also  documented  on  this  form. 

Ground  truth  data  (salinity,  current  speed  and  direction, 
and  temperature)  were  taken  from  the  surface  water  as  a 
check  on  the  system  operation  at  the  same  time  as  the 
readout  values  were  being  taken.  Surface  water  samples 
were  collected  and  brought  back  to  KLI  for  salinity  analysis. 
Surface  water  temperature  was  measured  utilizing  standard 
laboratory  thermometers  graduated  in  half-degree  Centigrade 
increments.  Direction  of  surface  currents  was  determined 
using  a  hand-held  compass,  and  flow  was  measured  .sing  a 
General  Oceanics  digital  flowmeter.  The  data  were  recorded 
on  Ground  Truth  Data  Sheets.  Examples  of  the  field  sheets 
used  in  the  servicing  procedure  are  found  in  Appendix  2. 

Raising  the  meters  at  stations  1  through  5  was  accom¬ 
plished  by  manually  cranking  the  winch  and  raising  the 
meters  one  by  one.  Security  w?s  improved  by  removing  the 
winch  handle  when  the  probes  were  replaced  underwater. 

The  procedure  at  station  6  (Grizzly  Bay)  was  different 
because  of  the  different  mooring  described  above.  This 
meter  was  raised  from  the  water  by  attaching  a  cable  grip  to 
the  mooring  line  below  water  level  and  hoisting  the  meter 
and  anchor  assembly  with  a  hydraulic  winch  onboard  Prophesy. 
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Operations 


The  starting  date  for  data  gathering  was  initially  set 
for  1  October  1978.  The  government-furnished  equipment  was 
not  delivered  in  time  to  meet  this  deadline,  however,  and 
this  combined  with  subsequent  instrument  calibration  and 
check-out  problems  resulted  in  a  delay  of  several  months. 

Once  installed,  problems  with  instrumentation  continued  and 
in  fact  worsened  throughout  the  data  acquisition  period.  An 
overview  of  operational  experience  will  be  presented  here, 
but  more  detailed  chronological  documentation  of  events 
beginning  with  initial  receipt  of  the  equipment  may  be  found 
in  Appendix  3. 

The  late  installation  of  equipment  was  caused  by  a 
number  of  factors.  The  instrumentation  to  be  moored  was  not 
delivered  by  the  supplier  until  15  December  1978.  A  contract 
modification  was  issued  by  the  Corps  of  Engineers  to  cover 
this  delay.  Even  though  operational  manuals  were  not 
received  until  early  February,  operational  checks  were 
conducted  on  all  meters.  Cassette  tape-reading  equipment 
was  delivered  in  mid-January. 

Since  components  had  not  been  tested  when  assembled  as 
complete  systems,  complete  moorings  (cables,  meters,  recorders) 
were  assembled  and  subjected  to  long  term  (1+  week)  testing 
as  complete  systems.  A  number  of  problems  were  discovered 
and  rectified,  such  as  two  defective  meters,  turbidity  sensors 
out  of  calibration,  x,y  axes  reversed  on  some  current  meters, 
and  one  recorder  giving  variable  data  recording  lengths  upon 
reset.  The  most  serious  delay,  however,  was  in  obtaining 
probe  calibration  data  from  InterOcean,  and  in  particular 
the  results  of  tow  tank  tests  carried  out  at  facilities  of 
Scripps  Institution  of  Oceanography.  When  these  tow  tank 
results  were  finally  received  in  late  January,  data  indicated 
that  at  least  three  meters  did  not  meet  specifications.  The 
Corps  of  Engineers  subsequently  relaxed  the  current  specifi¬ 
cation  (to  ±10%  of  full  scale  and  ±5°)  in  order  to  expedite 
the  start  of  the  field  program. 

From  the  beginning,  a  persistent  problem  in  the  cassette 
recorder/reader  system  produced  random  interrupts  in  the 
data  blocks,  thus  making  time  sequencing  of  data  ambiguous. 
InterOcean  could  not  fix  this  problem,  which  persisted 
throughout  the  program  and  greatly  complicated  data  quality 
screening.  Retrofits  of  clocks  to  produce  time  marks  on  the 
cassette  tapes  were  of  only  partial  help.  These  clocks 
proved  to  be  only  good  enough  to  serve  as  an  additional 
qualitative  tool  to  an  essentially  manual  time-sequencing 
check  procedure. 

Installation  of  all  six  stations  was  finally  accom¬ 
plished  during  the  period  8-14  February  1979.  Initial 
assignment  of  instruments  to  each  station  is  shown  in  Table  2. 


It  was  attempted  throughout  the  study  to  hold  these  assign¬ 
ments  constant,  but  numerous  instrument  failures  resulted  in 
unavoidable  departures  from  this  scheme.  Complete  documen¬ 
tation  of  instrument  changes  for  each  station  is  contained 
in  Appendix  3. 

The  pattern  of  instrument  failure  and  malfunction 
evidenced  prior  to  installation  continued  after  deployment 
in  the  field.  In  addition,  several  ship  collisions  with  the 
pilings  used  for  moorings  and  one  case  of  surface  recorder 
vandalism  caused  some  additional  loss  of  data.  Overall  data 
recovery  was  about  67  percent. 

An  extraordinary  amount  of  field  maintenance  of  the 
equipment  was  required.  Failures  occurred  in  sensors, 
cables  and  equipment  such  as: 

a)  Leaks  of  hydraulic  fluid  out  of  pressure  (tide) 
sensors  of  nearly  all  such  equipped  probes  due  to 
loose  tubing  connections, 

b)  Component  failures  in  recorders  causing  large  loss 
of  data, 

c)  Failure  due  to  shorts  causing  battery  drainage  and 
subsequent  data  loss, 

d)  Repeated  cable  failures  (turbidity  sensors), 

e)  Variable  sensor  failures, 

f)  Defective  current  probe  fastenings  causing  flooding 
of  three  meters,  replacement  of  all  current  probes, 
and  recalibration  of  all  meters, 

g)  Continual  quality  problems  in  data  recording  and 
reading  systems. 

KLI  personnel  were  able  to  carry  out  certain  repairs, 
either  in  the  field  or  at  the  laboratory.  Most  instrument 
problems  not  fixed  by  replacing  circuit  boards,  tightening 
connectors,  replacing  cables,  or  repairing  broken  wires, 
however,  were  restricted  to  warranty  repair  by  InterOcean. 
While  adequate  service  was  generally  received  when  units 
were  sent  to  the  factory  in  San  Diego,  time  delays  were 
unavoidable  and  occasional  failure  to  fix  the  problem  of 
course  hindered  the  flow  of  field  operations  and  data 
return. 

Field  operations  also  were  impeded  by  weather  and  sea 
conditions.  High  winds  and  heavy  chop  were  not  uncommon  and 
presented  challenges  to  personnel  attempting  to  service  the 
stations.  With  experience,  however,  procedures  evolved  to 


make  the  task  more  manageable.  Corrosion  of  both  mooring 
and  instrument  cables  was  another  problem.  This  corrosion 
was  alleviated  somewhat  by  heavy  zincing,  but  replacement  of 
cables  and  parts  was  at  times  still  necessary. 

Still  other  sources  of  problems  were  collision  or 
vandalism.  While  infrequent  in  occurrence  (especially 
considering  the  high  potential  for  such  incidents),  the 
events  were  sometimes  quite  serious.  Two  instances  of 
sensor  damage  due  to  subsurface  collision  with  some  object 
occurred,  one  at  station  2  (Carquinez)  and  one  at  station  5 
(Chipps  Island).  Two  stations  were  hit,  apparently  by 
ships.  Station  3  (Benicia)  suffered  damage  to  the  batteries 
and  recorder  from  one  collision.  Station  4  (Port  Chicago) 
was  hit  twice,  with  resultant  standoff  damage  and,  in  one 
instance,  recorder  and  battery  damage  as  well.  One  instance 
of  apparent  vandalism  occurred  at  station  1  (San  Pablo).  As 
documented  in  detail  in  correspondence  between  KLI,  the 
Corps  of  Engineers,  and  the  U.S.  Coast  Guard  (Appendix  5), 
irreparable  damage  was  caused  to  much  of  the  equipment, 
fortunately  limited  to  that  above  the  surface.  This  was  the 
most  serious  instance  of  damage  from  outside  interference, 
both  in  terms  of  cost  and  d&ta  loss.  The  station  remained 
out  of  operation  for  two  months.  Severe  restrictions  and 
data  less  were  caused  after  that  period  as  well,  since  the 
recorder  used  for  that  station  after  the  incident  was  the 
spare.  The  Corps  did  not  choose  to  purchase  a  replacement 
for  the  station.  It  was  their  decision  to  use  the  equipment 
from  station  1  as  spares  to  keep  the  other  stations  opera¬ 
tional  at  the  expense  of  station  1.  During  the  program,  no 
moorings  or  major  instrumentation  was  lost  due  to  natural 
causes. 

In  early  summer  1979,  it  became  apparent  that  fouling 
by  marine  organisms  such  as  hydroids,  barnacles,  and  isopods 
would  present  major  interference  to  accurate  data  measurement 
of  certain  parameters  (especially  turbidity)  by  the  meters. 
The  decision  was  made  to  periodically  clean  the  meters  as 
part  of  monthly  servicing;  in  practice  this  was  quite 
time-consuming  and  difficult  to  accomplish.  These  monthly 
cleanings  were  also  found  to  be  inadequate,  but  budgetary 
restrictions  prevented  more  frequent  cleanings. 

When  all  the  meters  were  removed  for  general  overhaul, 
cleaning,  and  recalibration  in  October  1979,  the  fouling  of 
the  spring  and  summer  season  was  painfully  evident  (Figure  7 
and  Table  3).  Over  two  weeks  had  to  be  spent  in  the  complete 
scraping,  sanding,  and  cleaning  of  all  subsurface  equipment. 
In  an  effort  to  decrease  the  chances  of  further  fouling, 
antifouling  paint  was  applied  to  all  meters,  even  though  the 
pressure  cases  were  copper-nickel. 
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F  i  g  u  re  7 


Fouled  Meters  After  One  Month 
Underwater  During  Fouling  Reason 


i 


» 


Table 

_3.  Listing  of 
Equipment 

r  Fouling 
Removed 

Conditions 
2-3  October 

of  Moored 
1979 

Probe 

Meter 

Number  Turbidity  Thermistor 

Current 

Salinity 

Depth 

6271010 

1* 

1 

1 

1 

1 

6271018 

1 

1 

1 

1 

1 

6271012 

2 

2 

2 

2 

- 

6271020 

3 

3 

3 

3 

2.8 

6271015 

2 

1.8 

2.5 

1.5 

3 

6271019 

1 

1 

1 

1 

1 

6271013 

1 

1 

1 

1 

1 

6271008 

3 

1 

1 

1 

1 

6271017 

2.5 

1 

1 

1 

1 

6271007 

3 

1 

1 

1 

1 

6271011 

1 

1 

1 

1 

1 

6271016 

1 

1 

1 

1 

1 

6271002 

1 

1 

damaged 

1 

- 

‘Fouling  condition  rated  within  the  continuum: 

1  =  fouled;  2  =  moderately  fouled;  3  =  not  fouled 
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The  recalibration  of  instruments  took  approximately  two 
weeks.  Details  are  discussed  in  the  next  section.  Re-estab¬ 
lishment  of  stations  was  done  in  early  November  with  atten¬ 
tion  paid  to  original  instrument/station  assignments. 

Instrument  problems  continued  to  occur  after  this  period 
and  increased  somewhat  in  frequency  as  time  went  on.  By  the 
end  of  the  data  acquisition  period,  all  field  equipment  was 
badly  in  need  of  servicing  and,  in  some  cases,  replacement. 
These  failures  are  documented  in  Appendix  3. 
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CALIBRATION  STUDIES 


Several  procedures  for  calibrating  instruments  and 
checking  data  accuracy  were  utilized  throughout  the  study. 
Prior  to  installation  and  mid-way  through  the  data  acquisi¬ 
tion  period,  laboratory  calibration  tests  were  performed  on 
all  the  instruments.  A  special  study  to  evaluate  depth 
sensor  performance  was  done,  utilizing  data  collected  under 
both  field  and  controlled  conditions.  In  addition,  ground 
truth  data  for  conductivity,  temperature,  and  salinity, 
regularly  collected  at  each  servicing,  were  utilized  in 
evaluating  instrument  performance. 


Laboratory  Instrument  Calibration 

At  the  onset  of  the  project,  all  probes  were  calibrated 
by  InterOcean  Systems  Inc.  prior  to  shipment.  These  tests 
included  temperature-conductivity  calibrations  in  the 
InterOcean  STD  calibration  bath  facilities,  turbidity 
calibrations  with  distilled  water,  and  tow  tank  calibrations 
of  the  electromagnetic  current  sensors  at  the  Scripps 
Institution  of  Oceanography  facilities.  Results  of  these 
calibration  tests  are  given  in  Appendix  11.  Subsequent 
values  used  in  the  data  processing  to  convert  the  millivolt 
outputs  recorded  on  the  cassette  tapes  to  reported  values  of 
temperature,  salinity,  current,  etc.  are  given  in  Table  4. 


Upon  receipt  of  the  instrumentation  at  KLI  ,  tests  of 
the  complete  systems  to  be  moored  were  made  (i.e.,  three 
meters,  cables,  recorders,  batteries,  etc.).  A  number  of 
electronic  failures  occurred  and  were  remedied.  Those 
factors  affecting  calibrations  were  the  following: 


a)  Fifteen  of  seventeen  turbidity  sensors  were  out  of 
calibration  and  were  recalibrated  to  original 
specifications  with  distilled  water. 

b)  The  Vx  and  Vy  (cross  current  speed  components) 
were  reversed  in  orientation  to  a  fixed  mark  com¬ 
pared  to  specifications  on  all  meters  except  one. 
This  odd  meter  was  changed  to  be  consistent  with 
the  others.  Scripps  tow  tank  calibration  data  were 
still  valid. 

c)  Three  of  the  sixteen  current  probes  did  not  meet 
specifications  (±0.05  m/sec)  due  to  noisy  cali¬ 
bration  data.  The  Corps  of  Engineers  subsequently 
relaxed  this  specification  to  "±10%  of  full 
scale"  in  order  to  avoid  delays  in  deployment. 


♦ 


1 


Table 


4  . 


Calibration  Conversion  Factors  from  Millivolts  to 
Oceanographic  Parameter 


A.  Currents 


Meter  # 

I. 

D.  Voltage 

Original  Sensors 
(Jan-Sep  1979) 

Vx  Vy 

mV  mV 

New  Sensors 
(October  1979 — ) 

VX  Vy 

mV  mV 

cm/sec 

cm/sec 

cm/sec 

cm/sec 

6271001 

0.5  V 

16.7 

15.9 

14.2 

14.1 

6271002 

1.5  V 

16.6 

16.2 

14.4 

14.1 

6271004* 

0.7  V 

15.7 

16.0 

14.7 

14.6 

6271006 

0. 3V 

17.4 

16.6 

14.3 

14.3 

6271007 

1.0  V 

16 . 4 

16 . 0 

14.3 

14.3 

6271008 

0  .  IV 

16 . 2 

15.7 

23.4 

23.2 

6271010 

1.  4  V 

15 . 0 

15  .  3 

14 . 1 

14.1 

6271011 

0.2  V 

15.7 

17.2 

mm 

14.3 

6271012** 

1.7  V 

mm 

16 . 6 

14.3 

6271013 

0 . 8V 

16.  1 

15.3 

14.2 

6271014 

> 

C 

15 . 0 

16  .  9 

mm 

14  .  3 

6271015 

| 

1  .  IV 

15.6 

15.0 

13.8 

14.1 

6271016  j 

1  .  JV 

1 

;  NO  CURRENT  SENSOR 

NO  CURRENT  SENSOR 

6271017  j 

0 . 6  V 

r 

;  15.3 

14.5 

15.0 

15  .  3 

6271018 

! 

!  1.2V 

lc  .  6 

16  .  1 

15.0 

15.3 

6271019 

0.9V 

15.3 

15.8 

13.6 

14.3 

6271020*** 

1.6V 

18.4 

15.8 

24.7 

24.3 

*  *  * 


New  current  sensor  installed  in  August  ,  1979 

New  current  sensor  installed  in  July,  ]'<’'» 

New  current  sensor  installed  in  August,  1979 


Table  4  (continued) 


B.  Temperature  (°C)  =  0.01  x  millivolts 

C.  Depth  (ft)  =  0.01  x  millivolts**** 

D.  Conductivity  (mmhos/cm)  =  0.01  x  millivolts 

E.  Transparency  (%  transmittance)  =  0.1  x  millivolts 


****See  Taole  6  for  additional  corrections  to  MLLW  reference. 


d)  Tide  (depth)  probes  were  checked  for  functionality 
but  not  re-tested  at  depth  (20-30  feet). 


Upon  installation  of  equipment  in  the  field  on  8-14 
February  1978,  ground  truth  data  were  gathered  in  the  field 
as  described  in  the  section  below.  Special  measurements  and 
studies  associated  with  tide  measurements  are  also  discussed 
separately  below.  When  equipment  components  failed  and  were 
pulled  from  the  moorings,  the  pertinent  probes  were  repaired 
and  brought  back  to  specifications  by  InterOcean  before 
installation.  However,  since  only  one  recorder,  one  bottom 
meter,  and  two  upper  meters  were  available  as  spares,  and 
since  component  failures  were  frequent  in  the  field,  complete 
recalibration  of  equipment  was  possible  only  upon  pulling 
all  moorings  from  the  field  with  subsequent  loss  of  data. 

Such  a  refurbishment  and  recalibration  of  all  instruments 
was  done  in  the  period  from  2  October  to  2  November  1979. 
Recorder  clocks  were  installed  at  this  time  also  (Appendix  9) 
Because  several  of  the  electromagnetic  current  sensors  had 
defective  welds  which  had  failed  and  caused  flooding  of  the 
electronics,  the  manufacturer  replaced  all  of  the  other 
current  sensors  at  this  time  as  well  to  prevent  possible 
future  flooding  of  other  probes. 

Upon  removal  from  the  water,  the  meters  were  very 
heavily  fouled  with  marine  organisms.  Before  calibration 
tests  could  be  carried  out,  the  equipment  had  to  be  cleaned, 
a  process  which  took  a  full  two  week's  effort  by  three  or 
four  people.  Once  this  was  accomplished,  each  of  the  probe 
parameters  was  calibrated  according  to  the  procedures 
described  in  the  equipment  manuals  supplied  by  InterOcean 
with  current  calibration  checks  done  by  tows  performed  at 
Scripps  Institute  of  Oceanography.  Meters  which  were  known 
to  have  problems  or  found  defective  during  testing  procedures 
were  repaired  by  KLI  personnel  or  sent  to  InterOcean  for 
repair,  depending  on  the  complexity  of  the  problem. 

Evaluation  of  current  sensor  performance  outside  of 
special  test  facilities  is  extremely  difficult.  The  digital 
data  scanner  reads  Vx ,  V„,  direction  and  thus  indicates 
functionality  of  the  probe  and  general  level  of  the  current. 
However,  calibration  under  field  conditions  was  difficult 
because  the  actual  current  flow  speed  and  direction  values 
below  the  surface  are  unknown.  For  these  reasons  it  was 
decided  to  again  tow  the  meters  in  the  tow  tank  facility  at 
Scripps  Institution  of  Oceanography. 

Scripps  was  chosen  since  it  was  known  that  electromag¬ 
netic  contamination  that  interfered  with  the  electromagnetic 
field  of  the  current  sensor  was  not  too  severe  at  this  site, 
and  the  original  calibrations  were  accomplished  there. 


During  the  towing  operations  five  meters  were  discovered 
which  would  not  give  stable  outputs  from  the  current  sensors 
at  a  steady  speed.  The  value  of  the  output  was  approxi¬ 
mately  correct,  but  unacceptable  "noise"  levels  of  ±20-25., 
were  noticed.  These  meters  were  returned  to  InterOcean  for 
repair  as  it  was  instrument  malfunction  rather  than  calibra¬ 
tion  noise  causing  the  problems.  Another  trip  was  then  made 
to  Scripps  to  retow  these  meters.  Four  checked  out  fine  but 
problems  remained  with  one  (number  20)  which  was  again 
returned  to  InterOcean  for  repair.  Several  small  electronic 
problems  were  detected  and  allegedly  repaired.  However, the 
current  sensor  was  still  found  to  be  noisy  during  testing 
after  its  return  to  KLI  in  Santa  Cruz.  Since  further  delays 
in  data  collection  were  felt  to  be  intolerable,  this  meter 
was  not  returned  to  InterOcean  for  a  third  repair  attempt. 
Instead,  it  was  "calibrated"  by  comparing  output  values  with 
two  other  meters  (that  had  been  calibrated  at  Scripps)  in  a 
revolving  flow  field.  The  output  from  the  two  control 
meters  in  the  revolving  flow  field  agreed  very  closely  with 
each  other  and  showed  that  this  flow  was  very  stable  over 
time  and  reproducible.  After  calibration,  meter  number  20 
was  reinstalled  with  the  other  meters  with  the  plan  to 
change  it  with  the  spare  meter  as  soon  as  it  was  repaired 
and  returned  from  InterOcean  (a  routine  repair  for  a  faulty 
turbidity  sensor) . 

Table  4  shows  the  resulting  calibration  factors  for  the 
current  sensors,  both  the  original  probes  and  the  replacement 
probes.  According  to  Marsh  McBirney,  Inc.  (MMI),  the  sensor 
and  electronic  package  are  designed  to  give  a  reading  of 
2  ft/sec  per  volt  which  translates  to  16.4  mV  per  cm/sec.  The 
results  listed  in  Table  4  show  that  the  values  obtained  from 
the  tow  tank  for  both  the  old  and  new  heads  are  close  to 
that  expected.  With  the  exception  of  meters  8  and  20,  the 
differences  noted  are  not  unusual,  according  to  MMI,  for 
instruments  with  randomly  matched  sensors  and  electronic 
packages.  The  differences  noted  with  numbers  8  and  20  are 
unexplainable.  Several  attempts  were  made  to  rectify  this 
problem,  but  these  two  meters  were  found  to  remain  widely 
variant  from  the  other  meters.  Since  the  data  produced  by 
each  meter  were  processed  using  calibration  values  unique  to 
that  meter,  the  calibrations  were  utilized  even  though  they 
were  different  from  the  rest.  No  unexpected  differences 
were  noted  in  meter-to-meter  comparison  of  currents  (at  the 
same  station),  so  it  is  felt  that  the  calibration  values  for 
these  two  meters  did  not  drift  with  time.  Also,  changes 
noted  in  going  from  the  old  to  new  sensor  heads  using  the 
same  electronics  package  are  not  unusual.  The  fact  that 
these  values  are  all  relatively  close  to  the  theoretical 
value  lends  confidence  to  those  calibration  values. 

During  discussions  with  Marsh  McBirney  while  the  meters 
were  out  of  the  water,  it  was  learned  that  they  had  received 
similar  results  at  Scripps  tow  facility,  i.e.,  noisy  meters. 
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Since  the  fault  was  with  noise  and  not  with  output  level, 
however,  the  calibrations  reported  are  not  felt  to  be  wrong, 
just  uncertain.  MM I  has  found  that  the  tow  facility  at  the 
David  Taylor  Model  Basin  in  Carder  Rock,  MD  is  free  from 
interference  with  their  sensors.  However,  the  improvement 
relative  to  our  fast  tidal  flow  application  was  not  felt  to 
warrant  the  increased  delay. 

The  instruments  were  reinstalled  in  the  field  on 
2  November  1979,  with  the  exception  of  Grizzly  Bay  which 
was  reinstalled  6  November  1979. 


Ground  Truth  Data  Checks 


As  described  in  the  section  on  servicing  procedures  in 
this  report,  ground  truth  data  for  current  speed  and  direc¬ 
tion,  temperature,  and  salinity  were  collected  regularly. 

In  addition,  the  digital  data  readout  was  utilized  in  the 
field  to  test  actual  probe  readings  at  the  same  time. 

To  provide  a  means  for  integrating  formal  ground  truth 
and  instrument  checkout  procedures,  conductivity  and 
temperature  data  from  the  deck  readout  were  converted  to 
salinity  values  using  the  algorithm  contained  in  the  normal 
data  processing  software  (Appendix  8).  These  data,  along 
with  field  salinity  and  temperature  data,  were  summarized 
for  each  month  of  data.  These  summaries  are  included  as 
the  fourth  section  of  Appendix  12  of  this  report.  Overall 
agreement  between  calculated  probe  readouts  and  field 
salinities  was  very  good,  and  the  summaries  provide  a  tool 
for  use  in  future  data  acquisition  systems  design.  Alone 
the  summaries  comprise  a  body  of  useful  oceanographic  data 
from  the  sampling  station  locations. 

After  February  1980,  measures  of  water  depth  were  taken 
in  the  field  as  part  of  the  ground  truth  procedures  during 
each  field  visit.  These  and  other  related  measurements  are 
discussed  below. 


Tide  (Pressure  Sensor)  Calibration  Problems 


Of  all  of  the  equipment  problems  encountered  during  the 
project,  such  as  frequent  component  failures,  tape  reading 
errors,  and  the  like,  those  problems  encountered  with  the 
depth  (pressure)  sensors  were  least  satisfactorily  resolved. 
As  a  result,  confidence  is  low  in  the  absolute  reference  to 
mean  lower  low  water  ( MLLW)  for  the  tide  data.  Because  a 
lot  of  effort  was  put  into  manually  checking  time  sequencing 
problems  (caused  by  operational  and  cassette  recorder 
interrupts),  the  absolute  sequencing  in  time  of  these  data 
is  felt  to  be  accurate.  Thus,  amplitude  data  and  correla¬ 
tions  of  such  data  as  currents  or  salinities  with  tides  can 
be  used,  even  though  the  reference  to  MLLW  is  unsure. 
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Because  only  one  spare  meter  with  a  depth  sensor  was  available 
and  this  meter  was  constantly  needed  to  keep  stations  in 
operation,  priority  was  placed  upon  keeping  in  operation 
without  causing  large  data  gaps  in  all  parameters.  Efforts 
to  calibrate  the  pressure  sensors  are  delineated  below. 

First  of  all,  the  mooring  was  designed  so  that  each 
meter  could  be  moored,  pulled  for  cleaning  or  maintenance, 
and  then  returned  to  the  exact  spot  and  depth  as  before. 

Thus  the  same  reference  elevation  for  the  pressure  sensor 
was  maintained  for  each  month.  This  was  accomplished  by 
installing  the  meters  on  a  pulley  system  of  cables  which 
were  attached  to  existing  pilings  near  the  edge  of  channels. 
These  mooring  systems  are  shown  in  Figure  5.  The  top  pulley 
was  supported  by  a  stand-off  arm  clamped  high  on  the  piling. 
The  bottom  pulley  was  shackled  to  a  heavy  anchor  placed  on 
the  bottom  and  the  wire  was  tensioned  between  the  pulleys. 

Each  time,  the  meters  were  placed  at  the  same  position  on 
the  marked  wire  and  a  stainless  steel  turnbuckle  served  as  a 
wirestop  on  the  bottom  pulley,  thus  assuring  reproductible 
positioning  of  meters,  including  the  bottom  meter  equipped 
with  the  pressure  sensor. 

Secondly,  each  piling  was  surveyed  by  a  civil  engineering 
surveying  firm  (Towill,  Inc.)  and  an  elevation  mark  was  placed 
upon  each  piling  referenceu  to  MLLW,  accurate  to  ±0.3  cm  at 
each  station  except  for  station  1 ,  San  Pablo,  which  was 
accurate  to  ±3  cm.  Monument  records  for  these  surveys  are 
included  in  Appendix  6.  Then  careful  measurements  were  made 
in  the  field  of  the  wire  lengths  of  the  mooring  system  in 
order  to  calculate  the  depth  of  each  probe  relative  to  the 
Towill  survey  mark  on  the  piling.  These  measurements  were 
also  verified  for  each  station  by  divers  using  a  tape 
measure.  The  relationships  between  variously  measured 
heights  at  a  station  are  shown  schematically  in  Figure  8. 
Resulting  elevations  for  each  meter  and  for  each  station  are 
shown  in  Figure  9. 

Pressure  sensors  were  initially  calibrated  by  InterOcean 
at  their  test  facilities  (Appendix  11).  In  addition  both 
the  zero  and  the  span  (0—5  volts  corresponding  to  0-50  feet) 
could  be  checked  and  adjusted  electrically,  the  latter  by 
use  of  a  standard  resistor  shunt  provided  for  each  instrument 
across  two  arms  of  the  Wheatstone  bridge  circuit. 

Inconsistencies  in  field  water  level  measurements  and 
senior  output,  plus  the  necessity  to  adjust  spans  (5  to  23 
percent  of  range)  led  to  low  confidence  in  stability  of  the 
pressure  probes  in  the  field  moorings.  Special  tests  for 
response  and  calibration  were  done  in  a  still,  deep  reservoir 
in  the  Santa  Cruz  mountains.  These  tests,  described  in 
Appendix  7,  involved  suspending  the  probes  on  a  carefully- 
measured,  weighted  line.  When  lowered  from  the  surface  to 
about  a  30  foot  depth,  the  response  times  for  all  the 
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Figure  8 .  Sensor  Depth  Calculations 
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pressure  sensors  to  reach  an  acceptable  asymptotic  value 
were  measured  in  hours.  These  long  response  times ,  found  on 
all  probes,  were  inherent  in  the  equipment  design  and 
perhaps  were  related  to  temperature  equilibration  of  the 
instrument  package.  The  manufacturer's  stated  time  constant 
of  the  pressure  (tide)  sensor  was  200  seconds.  When  equili¬ 
brated  at  about  25  feet  depth  for  a  long  time,  then  dropped 
to  30  feet,  the  response  time  was  acceptably  short,  in  the 
range  of  minutes  (Appendix  7).  Again,  however,  the  absolute 
depth  readings  of  these  pressure  sensors  as  removed  from  the 
field  had  drifted  significantly  from  the  true  depths.  Best 
values  for  the  depth  error  for  each  probe  are  given  in  Table  5. 

For  data  processing  purposes,  the  Towill  survey  data 
and  sensor  depth  measurements  were  combined  with  these  depth 
corrections  for  each  probe  in  order  to  reference  the  tidal 
data  recorded  to  MLLW.  Because  of  the  large  drift  errors  in 
the  pressure  sensor,  found  both  with  the  discrete  lake 
calibrations  and  by  examination  of  ground  truth  water-level 
measurements  during  station  visits,  efforts  were  not  made 
to  add  an  additional  correction  to  these  nominal  tide  values 
due  to  water  column  densities  (salinity  and  temperature). 

These  nominal  values  used  are  thus  given  in  Table  6.  In 
light  of  the  pressure  sensor  drift  between  calibrations, 
however,  these  reference  level  corrections  are  undoubtedly 
subject  to  error. 


Table  5.  Summary  of  Depth  Sensor  Corrections  from 
Tests  in  Deep  Reservoir 


* 

Sensor 

Number 

30  ft  Value 
(0-30  ft) 

30  ft  Value 
(25-30  ft) 

Best  30  ft 
Value  (ft) 

Collection 

(ft) 

Correction 

(cm) 

15 

29.68 

29.59 

29.6 

0.4 

12 

14 

27.41 

27.47 

27.4 

2.6 

79 

7 

27.03 

26.97 

27.0 

3.0 

91 

18 

29.97 

30.06 

30.0 

0.0 

0 

19 

28.68 

28.78 

28.7 

1.3 

40 

20 

28.27 

28.35 

28.3 

1.7 

52 
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Table  6.  Nominal  Correction  Values  Used  in  Data  Processing 
to  Reference  Tidal  Data  to  MLXM 


Pressure  Sensor  Correction  (cm) 


Tape 


ionth 

Number 

San  Pablo 

Carquinez 

Benicia 

Port  Chicago 

Chipps 

2 

0645 

-928 

-925 

-786 

-971 

'  14 

3 

5301 

-928 

-925 

-786 

-919 

-544 

4 

5332 

-928 

-925 

-786 

-919 

-544 

5 

5347 

-928 

-925 

-786 

-919 

-544 

6 

5350 

-928 

-925 

-786 

-919 

-544 

7 

5352 

-928 

-925 

-786 

-919 

-584 

8 

5354 

-928 

-925 

-786 

-931 

-584 

11 

5376 

-928 

-725 

-786 

-899 

-584 

12 

5380 

-928 

-725 

-786 

-911 

-584 

13 

5410 

-928 

-725 

-786 

-911 

-584 

14 

5441 

— 

-725 

-786 

-899 

-584 

15 

5467 

— 

-725 

-786 

-899 

-584 

16 

5471 

-928 

-725 

-786 

-899 

-584 

17 

5490 

— 

-725 

-786 

-939 

-584 

18 

5511 

-888 

-725 

-786 

-939 

-584 

V' 
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DATA  PROCESSING 


Data  processing  for  the  project  involved  inputting 
the  data  collected  on  cassette  tape  into  the  computing 
system,  standardizing  and  documenting  the  data,  and 
variously  reducing  it  per  government  specifications. 


Specifications  for  Data  Processing  and  Format 

Original  specifications  set  forth  in  Schedule  "A" 

(Scope  of  Services,  Appendix  1)  in  the  contract  called  for 
the  following  data  reductions: 

For  the  five  detailed  in-situ  stations: 

A.  Tidal  elevation 

1)  For  each  station,  plot  filtered  data  versus 
time. 

2)  For  HH,  LH,  HL,  and  LL,  plot  elevations  versus 
time  versus  distance. 

3)  For  HH,  LH,  HL,  and  LL,  plot  time  lag  versus 
time  versus  distance. 

B.  Currents 

1 )  For  each  station  and  each  depth  plot  data  versus 
time. 

2)  For  each  station  and  slack,  maximum  ebb  and  maxi¬ 
mum  flood,  plot  vertical  lag  time  versus  time. 

3)  For  each  depth  and  slack,  maximum  ebb  and  maximum 
flood,  plot  lag  time  between  stations  versus 
time. 

C.  Salinity 

1)  For  each  station  and  each  depth,  plot  data  versus 
time . 

2)  For  each  depth,  plot  salinity  versus  distance 
versus  time. 

3)  For  each  station,  plot  salinity  versus  depth 
versus  time. 
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D.  Temperature 


1)  For  each  station  and  each  depth,  plot  data 
versus  time. 

2)  For  each  depth,  plot  temperature  versus  dis¬ 
tance  versus  time. 

3)  For  each  station,  plot  temperature  versus 
depth  versus  time. 

E.  Turbidity 

1)  For  each  station  and  each  depth,  plot  data 
versus  time. 

2)  For  each  depth,  plot  turbidity  versus  dis¬ 
tance  versus  time. 

3)  For  each  station,  plot  turbidity  versus 
depth  versus  time. 

4)  Plot  turbidity  versus  salinity. 

For  the  limited  in-situ  station: 

A.  Salinity  -  plot  data  versus  time. 

B.  Temperature  -  plot  data  versus  time. 

C.  Turbidity  -  plot  data  versus  time. 


After  data  processing  had  begun,  it  became  apparent 
that  a  modification  in  display  methods  would  be  more 
workable  than  the  original.  In  January  1980,  the  following 
change  in  specifications  for  current  data  was  authorized 
(Contract  Modification,  Appendix  4): 


B.  Currents 

1 )  For  each  station  and  each  depth  plot  speed 
and  true  direction  versus  time. 

2)  For  each  station  and  each  depth  plot  main¬ 
stream  and  transverse  components  of  speed 
versus  time. 

3)  For  each  station  plot  speed  for  all  depths 
versus  time. 

4)  For  each  depth  plot  speed  for  all  stations 
versus  time. 
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For  the  purpose  of  data  reduction,  a  government  computing 
system  (Lawrence  Berkeley  Laboratory)  was  made  available. 

The  raw  and  reduced  data  for  each  month  and  20  copies  of  the 
specified  plots  in  microfiche  form  were  to  be  delivered  to 
the  government  within  fifteen  days  after  tne  end  of  each 
month.  The  format  for  the  raw  data  was  specified  as  follows: 

a)  9-track,  800  bpi  tape,  ASCII. 

b)  Tape  shall  be  blocked  twelve  80-character  records 
per  block,  even  parity. 

c)  The  first  tape  record  will  be  a  header  containing 
the  following  information:  an  identifying  label 
of  1  to  10  characters;  date  and  time  (Greenwich 
Mean  Time,  GMT)  of  first  sampling  on  the  tape;  date 
and  time  (GMT)  of  the  last  sampling;  number  of 
tapes  in  month's  submittal,  sequence  number  of  reel 
if  a  multi-reel  submittal,  and  the  number  of 
records  on  the  reel. 

d)  Each  record  will  represent  one  data  sampling  and 
will  contain  at  least  a  station  ID,  date  and  time 
(GMT)  of  sampling,  current  magnitude  in  cm/sec, 
current  direction,  salinity  to  tenths  in  parts  per 
thousand,  temperature,  turbidity,  and  tidal  stage  in 
centimeters. 

e)  One  month  of  data  per  tape. 

The  maximum  data  gap  was  not  to  exceed  one  month  for 
any  one  station.  Total  down  time  during  the  period  of 
observation  was  not  to  exceed  30  days  per  year.  Due  to  a 
large  number  of  equipment  failures,  however,  these  specifi¬ 
cations  were  not  met. 


Software  Development 

The  basic  software  necessary  to  go  from  cassette  to 
finished  data  plots  was  completed  prior  to  the  final  instal¬ 
lation  of  the  equipment.  No  real  data  had  been  fed  through 
the  system,  however,  so  final  testing  was  delayed  until  the 
first  data  tapes  arrived  from  the  field. 

The  initial  scheme  for  file  management  and  graphics 
production  was  as  outlined  below: 

A.  Initial  Procedure  to  Screen  and  Process  Cassette 
Data 

1)  Field  Books:  Field  notes  (log.  Data  Logger 
Check  Sheets,  Ground  Truth  Data  Sheets,  Data 
Interrupt  Sheets — see  section  on  servicing 
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procedures  tor  each  station  snail  :>e  <ep*  *•  o 
document  field  operat ;  ms. 

I  Preliminary  Data  Screening  and  Processing,  Write 
Haw  Data  and  Reduced  Da'a  Tape  F,  les:  Data 

will  De  moved  from  casset'es  to  organ, zed 
f-t rack  ( v-T  i  data  tapes  .  interactive  proces¬ 
sing  methods  in  several  s'-ps. 

a.  cassette  files  wii.  he  moved  >nt  -t  -  T  tiies 

and  printed.  Visua.Iy  scan  print  tor  had 

d  a  t  a  . 

b.  °-T  files  wil,  he  .oaded  >nt  iisx  fi.es. 

c.  Using  fieid  notes  and  TEXT  FOITOR  programs 
procedures  delete  appt  priate  starting  and 
ending  records;  wr  ;  •  e  le  header  records; 
count  records:  write  raw  lata  tape  files. 

d.  Execute  ma  ]or  screening  and  processing 
pr  gram.  Screen  tot  had  characters  and 
exf.^rae  valjes;  rotate  axes,  transform 
data,  i vector l  average:  lenerate  ti  me  code  ; 
count  and  write  out  put  records.  Print  tape 
records;  check  agains'  field  ooo* . 

e.  Assemble  ‘Reduced  Data  Tape’  with  specified 
tile  and  record  headers. 

3)  Anticipated  Chanqe  in  'Basic  Data  Tape'  reation 
Procedures : 

a.  Hardwire  cassette  reader  into  system  so  as 
to  consolidate  steps  A .  *! .  a  and  A  . ..  .  b  . 

Write  disc  files  directly. 

b.  Move  entire  system  to  Lawrence  Berkeley 
Laboratory  (LBL)  following  evaluation 

of  hardwiring  cassette  reader  and  evaluation 
of  LBL  system's  ability  to  accept  reader 
into  interactive  system. 

Initial  Procedure  to  Develop  Graphics 

1)  Computational  and  Analytical  Stages:  Proiect 
graphics  will  be  developer  in  a  two  staqe 
process.  Environmental  parameters  from  each 
'Reduced  Data  Tape'  record  will  be  plotted 
against  time.  Each  plot  will  be  visually 
interpreted  for  critical  values.  These  critical 
values  will  be  recorded  and  entered  as  data 
files  for  additional  graphics  presentat ion . 


a.  Eacn  tile  of  'Basic  Data  Tape'  will  be 
displayed  such  that  each  parameter  is 
plotted  against  time.  Each  parameter  will 
be  plotted  alone  against  time  at  several 
stations  (Data  vs.  Time  vs.  Distance). 

This  is  a  batch  process  with  hard  copy  plot 
output . 

n.  Plots  of  B.i.a.  (above)  will  be  interpreted 
and  critical  values  estimated  (e.g.,  time 
>1  niqher  high  tides)  and  then  recorded  on 
punched  cards  for  later  graphics  processing 
B . ’ . c.  below i . 

c.  Specialized  plots  of  various  parameter 

critical  "alues  against  time  and  distance 
will  be  prepared  as  a  batch  process  with 
nurd  copy  output. 

1  Anticipated  Modifications:  It  is  very  probable 
that  step  B.i.b.  can  be  automated  by  use  of 
in'eract ive  graphics  techniques.  Plot  CRT 
.mages  could  be  scanned  for  critical  points, 
.t.tical  points  could  be  recorded  by  light 
pencil  techniques.  Feasibility  of  this  stage 
can  oe  udged  more  knowledgeably  following 
ex per ; -nee  with  hard  copy  plots. 

The  basic  an.'  t  the  processing  scheme  outlined  above 
was  *  be  a  casse'-’e  'ape  representing  one  month  of  data 
b  asset  tes  pet  month  Early  1  r.  the  project  it  was 
iecid“d  ”o  alter  - ne  basic  scheme  by  collecting  cassettes 
every  r w<  weexs  : ’y  cassettes  per  month)  for  cear  of  not 
i.scovermg  instrument  problems  missed  by  merely  checking 
-a oh  sensor.  This  move  increased  our  paperwork  since 
icc.. rate  records  had  to  be  kept  on  each  cassette  removal  and 
: nst al 1  at  ion .  More  time  was  also  required  to  merge  the  two 
component  files  into  a  monthly  "Raw  Data  Tape”  file. 

When  real  data  began  arriving  from  the  field,  it  became 
apparent  that  processing  of  the  data  cassettes  would  be 
vastly  more  complicated  than  originally  anticipated. 

Numerous  shifts,  jams,  and  garbage  characters  occurred 
frequently  in  the  data  due  to  problems  in  the  tape  writing 
and  reading  systems  still  unresolved  by  the  equipment 
supplier  even  after  repeated  attempts  to  generate  action. 
Figures  10a  through  1 3b  illustrate  the  nature  of  some  of  these 
data  recording  problems.  These  problems  were  fundamentally 
very  serious  in  that  ambiguities  in  data-time  sequencing 
were  introduced  and  a  great  deal  of  computational  and  manual 
data  screening  was  necessary  in  order  to  ensure  that  the 
data  were  properly  placed  in  time.  The  many  other  hardware 
problems  experienced  in  the  field  (Appendix  3)  created 
substantial  data  problems  of  their  own.  For  example,  when 
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readc.bas  has  been  used  to  properly  format  data.  The  missing  value  substituted  because 
of  an  illegal  character  in  block  16  of  Figure  11a  has  been  replaced  with  1655  to  match 
other  tide  data  in  burst  (using  TEXT  EDITOR  programs);  this  type  of  editing  was  done 
only  in  cases  where  the  correct  value  for  the  missing  data  could  be  clearly  determined. 
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Note:  Finished  raw  data  records  after  interactive  data  processing  completed.  The  BASIC  program  shift. bas 

has  been  used  to  correctly  format  the  data.  Data  positions  for  top-  and  mid-level  sensors  have  been 
switched  using  TEXT  EDITOR  programs.  Spurious  data  from  sensor  package  with  missing  identifier 
voltage  will  be  screened  in  next  stage  of  data  processing  (SCREEN  program) . 


Figure  13a.  Cassette  Data  Record,  Recorder  Failure 


oo 

NO 

NO 

T— 

vO 

r- 

CD 

o 

T“ 

un 

VO 

*— 

CN 

T- 

O 

o 

p- 

o 

CN 

ON 

un 

un 

CO 

CN 

ON 

un 

P 

CD 

3 

ON 

O' 

in 

CO 

vO 

rn 

CO 

CO 

o 

00 

CD 

53 

o 

ON 

co 

(N 

3 

VO 

r* 

3 

oo 

o 

rn 

rn 

ON 

CN 

p 

NO 

ON 

NO 

m 

CN 

p 

53 

CD 

VO 

rn 

CN 

r» 

NO 

ON 

VO 

m 

rn 

CD 

CD 

vO 

m 

3 

p* 

CN 

ON 

P 

3 

NO 

O 

o 

m 

53 

53 

m 

o 

o 

m 

53 

m 

o 

o 

un 

3 

3 

rn 

O 

O 

un 

3 

3 

3 

o 

O 

ON 

rn 

CN 

CN 

ON 

p 

NO 

rn 

m 

rn 

ON 

in 

rn 

00 

m 

On 

3 

ON 

3 

O' 

m 

o 

r- 

co 

m 

ON 

0> 

ON 

00 

03 

rn 

in 

vO 

ON 

co 

NO 

VO 

un 

00 

o 

un 

r- 

un 

ao 

ON 

o 

CO 

un 

NO 

CN 

ON 

ao 

r* 

p 

rn 

O 

CO 

m 

f— 

p 

m 

ON 

p 

rn 

NO 

rn 

ON 

CO 

m 

o 

3 

CO 

m 

p* 

m 

o 

CD 

3 

CN 1 

*— 

o 

in 

m 

3 

CM 

o 

o 

un 

m 

CN 

o 

o 

un 

in 

3 

CN 

o 

o 

un 

3 

3 

CN 

O 

ON 

*» 

CD 

53 

p 

m 

co 

in 

53 

r» 

r* 

NO 

00 

r* 

ON 

00 

00 

ON 

CN 

un 

NO 

ao 

m 

ON 

un 

CO 

CN 

3 

p 

O 

o 

-p— 

rn 

53 

in 

ON 

rn 

T— 

r- 

& 

3 

CO 

CO 

CO 

3 

3 

co 

CN 

rn 

3 

NO 

o 

O 

r— 

cn 

r— 

O' 

rn 

ON 

*“■ 

m 

ON 

co 

rn 

r- 

rn 

o 

co 

rn 

NO 

v— 

m 

ON 

ao 

rn 

rn 

r— 

m 

r— 

ON 

m 

rsi 

o 

in 

CN 

m 

CM 

o 

o 

un 

CN 

un 

CN 

o 

m 

CN 

un 

CM 

o 

o 

un 

CN 

un 

CN 

o 

in 

rn 

p 

ON 

oo 

53 

rn 

p 

m 

3 

00 

00 

un 

o 

3 

co 

CO 

rn 

ON 

T- 

ON 

rn 

O' 

O 

o 

O' 

CN 

v— 

ON 

•— 

ON 

CO 

rn 

O 

p 

ON 

O' 

CN 

m 

r* 

o 

vO 

NO 

rn 

o 

CN 

p* 

rn 

3 

CO 

rn 

00 

p 

m 

O' 

co 

NO 

in 

rn 

ON 

p 

VO 

un 

T* 

m 

o 

GO 

NO 

un 

T“ 

rn 

o 

VO 

un 

rn 

ao 

00 

VO 

m 

rn 

o 

o 

un 

in 

rn 

m 

o 

o 

un 

un 

rn 

3 

O 

o 

in 

in 

rn 

3 

o 

o 

un 

in 

rn 

m 

o 

o 

CO 

T~ 

r— 

VO 

NO 

rn 

co 

NO 

CN 

r** 

CN 

CN 

r* 

ON 

3 

r* 

NO 

rn 

un 

un 

00 

co 

CO 

o 

ao 

CN 

rn 

3 

NO 

00 

53 

CO 

o 

rn 

53 

p 

o 

CD 

m 

53 

rn 

un 

co 

GO 

m 

3 

r- 

vo 

rn 

ao 

rn 

3 

CN 

CO 

CM 

p 

CO 

in 

NO 

m 

rn 

p 

53 

CD 

VO 

rn 

rn 

NO 

O' 

NO 

rn 

rn 

o 

ao 

VO 

rn 

m 

p* 

CN 

in 

p 

3 

NO 

o 

o 

in 

3 

53 

nn 

o 

o 

in 

53 

rn 

o 

o 

in 

3 

3 

3 

O 

o 

un 

3 

3 

3 

o 

o 

o 

00 

no 

CO 

on 

CN 

p 

NO 

NO 

ON 

rn 

CO 

co 

r*» 

ON 

o 

CO 

O' 

m 

O 

CN 

o 

3 

ON 

3 

3 

00 

o 

in 

VO 

CN 

in 

O 

ON 

CD 

un 

NO 

un 

o 

o 

NO 

VO 

o 

VO 

ON 

ON 

p^ 

CD 

un 

NO 

r— 

ON 

vO 

NO 

CO 

cn 

O 

CD 

rn 

p 

p 

rn 

ON 

p 

rn 

CO 

rn 

ON 

ao 

rn 

3 

rn 

ao 

p» 

rn 

00 

p* 

m 

o 

CO 

3 

CN 

T~ 

o 

in 

53 

53 

CN 

o 

o 

in 

53 

53 

CN 

o 

o 

in 

in 

3 

(N 

o 

o 

un 

rn 

3 

CN 

1- 

o 

o 

03 

CN 

o 

CO 

m 

co 

CO 

in 

CD 

CD 

CO 

CO 

CO 

o 

un 

CO 

o 

P^ 

NO 

ON 

un 

ON 

P* 

3 

ON 

in 

3 

ON 

o 

NO 

3 

CO 

03 

<N 

T- 

un 

53 

in 

p* 

00 

*— 

3 

un 

un 

CM 

V— 

o 

3 

un 

ON 

ON 

t- 

rn 

o 

ON 

rn 

CN 

T-» 

m 

ON 

00 

m 

CO 

rn 

o 

ao 

rn 

ON 

r* 

rn 

ON 

GO 

rn 

un 

rn 

O 

00 

n 

CN 

o 

in 

CN 

in 

CN 

O 

o 

un 

CN 

un 

CN 

o 

in 

CM 

in 

CN 

o 

O 

un 

CN 

un 

CN 

o 

3 

00 

vO 

in 

CO 

vC 

m 

ON 

p 

00 

CD 

r* 

NO 

un 

CD 

t- 

C7N 

CN 

o 

00 

3 

rn 

ON 

o 

r— 

un 

m 

un 

ON 

rn 

CO 

ON 

m 

CD 

p 

NO 

CO 

CN 

rn 

r- 

r- 

3 

un 

r^ 

rn 

00 

CO 

3 

P- 

r- 

m 

ao 

3 

p 

p 

on 

o 

03 

NO 

in 

ON 

rn 

ON 

p 

NO 

m 

ON 

rn 

ON 

GO 

NO 

in 

ON 

m 

o 

VO 

un 

ON 

ON 

ao 

NO 

rn 

53. 

o 

o 

in 

3 

rn 

m 

o 

o 

un 

53 

rn 

rn 

o 

o 

in 

3 

m 

3 

o 

O 

un 

3 

n 

m 

o 

o 

CO 

in 

CN 

ON 

p 

in 

O' 

CD 

ON 

O 

CN 

ON 

un 

vO 

co 

CN 

m 

un 

NO 

ao 

rn 

o 

O' 

VO 

NO 

3 

m 

NO 

3 

CO 

p 

rn 

NO 

NO 

ON 

CD 

r* 

CN 

3 

oo 

CO 

CN 

3 

ON 

in 

m 

03 

NO 

3 

o 

NO 

CN 

p 

CO 

ON 

NO 

rn 

rn 

p 

in 

CD 

m 

m 

m 

r* 

NO 

ON 

VO 

rn 

3 

P* 

ON 

CD 

NO 

rn 

un 

r* 

rn 

ON 

P 

53* 

NO 

o 

o 

in 

3 

53 

rn 

O 

o 

in 

53 

53 

rn 

o 

o 

un 

3 

3 

on 

o 

o 

in 

3 

3 

3 

o 

o 

r- 

CO 

NO 

N 

ON 

3 

co 

ON 

in 

o 

O' 

r* 

co 

in 

rn 

o 

o 

f- 

O 

r* 

o 

r* 

«- 

ON 

vO 

NO 

ON 

O 

ON 

53 

rn 

in 

p 

ON 

CD 

53 

NO 

in 

CD 

o 

o 

un 

NO 

CN 

O 

cn 

3 

NO 

CN 

O' 

NO 

3 

*— 

CO 

rn 

O 

CD 

rn 

CO 

p 

rn 

ON 

p 

rn 

O 

r— 

3 

ON 

00 

rn 

r- 

CD 

rn 

co 

r* 

rn 

p- 

m 

O 

CD 

3 

CN 

o 

in 

53 

53 

CN 

o 

o 

in 

m 

53 

CN 

o 

o 

un 

3 

3 

CN 

o 

o 

un 

3 

3 

CN 

T** 

o 

fmm 

ON 

CN 

o 

03 

3 

ON 

NO 

un 

m 

co 

o 

O 

_ 

NO 

p- 

CP 

3 

O 

vO 

un 

p* 

ON 

an 

O 

«- 

P 

GO 

in 

p 

p 

o 

T— 

*— 

3 

VO 

p 

CN 

*- 

CN 

cr 

O' 

in 

CD 

CD 

un 

ao 

NO 

3 

un 

un 

P 

ON 

r— 

m 

o 

ON 

rn 

ON 

r- 

rn 

ON 

CD 

rn 

rn 

T— 

rn 

o 

00 

m 

m 

rn 

ON 

CO 

m 

O 

r- 

rn 

o 

00 

in 

CN 

o 

in 

CN 

in 

CN 

o 

O 

un 

CN 

un 

CN 

o 

un 

<N 

un 

on 

o 

o 

un 

rn 

un 

CN 

o 

p 

NO 

in 

m 

T3 

ON 

ON 

in 

in 

T3 

53 

rn 

O' 

rn 

T3 

co 

o 

CN 

no 

ON 

m 

r- 

3 

T3 

r- 

rn 

o 

CN  ’■O  CN 

ON 

in 

rn 

ON 

in 

p 

ON 

0)  rn 

p 

NO 

<V  03 

CN 

rn 

53 

a; 

rn 

un 

NO 

<v  m 

3 

CD 

un 

<y 

P* 

3 

3 

Q>  ao 

CN 

vO 

p 

m 

o 

CO 

NO 

in 

r— 

rn 

o 

J3 

p 

NO 

un 

T*“ 

^3  m 

ON 

CD 

NO 

ja  in 

rn 

o 

-Q 

NO 

un 

J3  m 

o 

ao 

NO 

• 

m 

53 

o 

o 

• 

m 

in 

rn 

3 

t  O 

o 

in 

un 

• 

rn 

rn 

O 

o 

t 

un 

un 

rn 

3 

• 

O 

o 

un 

un 

t 

rn 

3 

o 

o 

3 

53 

53 

53 

3 

3 

3 

o 

CO 

1“ 

NO 

p 

O 

p 

p 

o 

is  o  a 

CN 

r^ 

00 

O 

CM 

co 

m 

O 

co 

CD 

rn 

3 

o 

o 

ON 

CN 

O 

r* 

O 

CN 

CN 

3 

53 

ON 

m 

53 

3 

00 

o 

3 

CN 

3 

3 

ON 

CO 

a 

53 

3- 

o 

m 

CO 

3 

co 

NO 

3 

NO 

3 

3 

m 

CO 

VO 

3 

3 

3 

CN 

O 

p 

CO 

ON 

NO 

O 

rn 

CN 

p 

in  o 

co 

U> 

rn 

<N  o 

r* 

r* 

ON 

vO 

O 

m 

«># 

p* 

o  o 

CD 

NO 

rn 

rn 

o  r- 

m 

ON 

P 

3 

NO 

o 

O 

0)  in 

53 

53 

rn 

0)  o 

o 

in 

a>  53 

rn 

o 

o 

a>  un 

3 

3 

3 

a>  o 

o 

m 

3 

a>  3 

3 

o 

O 

u 

u 

o 

u 

u 

u 

u 

T— ' 

NO 

o 

m 

o 

in 

ON 

in 

o 

vO 

o 

NO 

<7N 

*•» 

ON 

O 

r^ 

m 

un 

p- 

*-* 

o 

O 

CN 

un 

ON 

o 

ON 

<N 

m 

NO 

ON 

o 

m 

in 

NO 

r* 

ON 

co 

rn 

o 

sO 

co 

o 

o 

in 

3 

NO 

r-* 

O 

CN 

v— 

CO 

rn 

O 

00 

rn 

o 

p 

53 

cr> 

p 

rn 

r* 

m 

ON 

CO 

rn 

m 

co 

3 

CD 

m 

CN 

CO 

3 

o 

CO 

53 

04 

o 

in 

m 

53 

CN 

o 

o 

un 

rn 

3 

CN 

o 

o 

un 

rn 

3 

CN 

o 

o 

un 

CN 

3 

CN 

r» 

O 

53 

in 

o 

03 

co 

CN 

CO 

ON 

IN 

00 

o 

ON 

rn 

rn 

o 

ON 

O' 

O 

ON 

ON 

NO 

o 

rn 

o 

ON 

rn 

CO 

in 

CO 

53 

o 

*— 

CN 

in 

o 

un 

CN 

*— 

un 

3 

no 

m 

ao 

«— 

ON 

un 

p* 

3 

CN 

ON 

un 

un 

O' 

rn 

O 

ON 

m 

CN 

co 

O' 

CO 

rn 

m 

r— 

rn 

o 

oo 

m 

CN 

rn 

ON 

00 

rn 

CN 

NO 

o 

00 

in 

CN 

o 

in 

CN 

un 

CN 

o 

O 

un 

CN 

un 

CN 

*- 

o 

un 

CN 

un 

CN 

o 

o 

un 

CN 

un 

CN 

o 

in 

O 

o 

N 

ON 

ON 

NO 

o 

r* 

O' 

rn 

00 

rn 

r-* 

vO 

o 

NO 

CN 

O 

p* 

rn 

o 

NO 

3 

O 

3 

3 

ON 

ON 

p 

r- 

rn 

p 

CD 

CN 

ON 

rn 

rn 

r- 

r* 

r* 

un 

CD 

3 

NO 

00 

00 

CN 

3 

ao 

ao 

o 

vO 

ON 

in 

m 

o 

o 

p 

.o  m 

ON 

rn 

o 

p  p 

NO 

un 

ON 

CO  rn 

o 

00 

NO 

on  un 

ON 

rn 

o 

o 

NO 

un 

ON 

m 

o 

oo 

NO 

in 

rn 

53 

o 

o 

in 

in 

3 

rn 

53 

un  o 

o 

m 

53 

un  rn 

3 

o 

o 

in 

un 

3 

rn 

3 

sO 

o 

o 

un 

3 

NO 

m 

3 

o 

o 

i 


49 


Note :  Cassette  data  records  as  written  by  BASIC  program  cdedit.bas  on  UNIX  system  file. 

Recorder  failure  has  produced  a  file  of  spurious  voltages. 
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Note:  Finished  raw  data  records  after  interactive  data  processing  completed.  Spurious 

voltages  have  been  replaced  with  "99999"s;  these  are  interpreted  as  missing  data 
in  subsequent  processing. 


one  pr jbe  system  is  substituted  for  another  (a  frequent 
occurrence),  the  calibration  values  for  the  individual 
sensors  differ  (almost  always).  This  causes  a  bookkeeping 
nightmare  for  the  data  processor.  It  also  necessitates 
reading  and  merging  another  cassette  into  monthly  data 
files. 


Briefly,  the  poor  quality  of  the  cassette  data  necessi¬ 
tated  a  tremendous  effort  in  additional  software  development 
and  preliminary  data  processing.  An  entire  package  of 
interactive  software  was  written  and  utilized  solely  for  the 
purpose  of  correctly  formatting  and  sequencing  the  data  (see 
Figure  14  and  Table  7).  In  addition,  a  hardware  modification 
(the  design  and  installation  of  recorder  clocks)  was  under¬ 
taken  in  an  effort  to  more  easily  and  accurately  position 
the  data  in  time.  These  fix-up  procedures  are  described  in 
more  detail  below. 

The  principal  difficulties  in  data  processing  arose 
from  the  imperfect  recording  system  and  from  the  numerous 
instrument  problems  experienced  in  the  field.  Because  these 
problems  were  largely  unanticipated,  data  reduction  pro¬ 
ceeded  much  more  slowly  than  planned. 

Prior  to  installation  and  testing  of  the  equipment  it 
was  thought  the  cassette  data  would  be  of  sufficiently  high 
quality  such  that  pre-processing  for  the  actual  data  reduc¬ 
tion  would  be  minimal.  In  practice,  however,  even  the  best 
data  required  a  substantial  amount  of  cleaning  up.  Appar¬ 
ently  due  to  the  recording  system,  the  data  usually  did  not 
begin  in  the  specified  pattern  of  six  records  per  half-hour 
"reading,"  but  rather  with  several  spurious  records.  This 
same  pattern  routinely  occurred  at  the  end  of  the  file  as 
well.  Aside  from  the  obvious  necessity  to  somehow  delete 
these  records,  a  more  time-consuming  and  yet  extremely 
important  task  was  to  determine  the  proper  sequencing  of  the 
data  in  time.  For  the  latter,  accuracy  of  the  field  notes 
documenting  start  and  end  time  for  the  cassettes  was  crucial. 
An  example  of  a  typical  file  beginning  is  shown  in  Figure  10a. 

Another  major  problem  centered  around  the  format  of  the 
individual  records.  Oftentimes,  some  or  all  of  the  data 
would  be  shifted  due  to  recorder  or  other  hardware  problems 
in  the  field,  such  that  the  data  were  present  but  in  the 
wrong  format.  Since  later  processing  depended  on  a  standard 
data  format,  this  had  to  be  corrected.  The  process  really 
became  complicated  when  several  shifts  occurred  throughout 
the  file. 

In  these  cases,  the  shifts  would  have  to  be  found  and 
interpreted,  the  file  split,  and  the  individual  parts 
shifted  into  proper  sequence.  This  was  often  quite  time- 
consuming,  especially  as  the  project  progressed  and  the 
equipment  began  to  deteriorate.  Examples  of  data  shifts  can 
be  found  in  Figures  11a  and  12a. 
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Table  7 .  Descriptions  of  Interactive 
Data  Processing  Programs 


Procedure  Name  Duty 


readc.bas  BASIC  program.  Reads  data  from  cassette 

record  into  UNIX  file.  Words  containing 
illegal  characters  are  converted  to 
missing  words  (99999). 

cdedit.bas  BASIC  program.  User  scans  cassette 

blocks  by  keying  on  questionable  blocks 
identified  by  readc.bas.  'Bad'  blocks 
are  replaced  by  missing  words  (99999) 
or  shifted  blocks  are  corrected.  This 
procedure  is  used  to  correct  problems 
related  to  faulty  data  recording, 
i.e.,  tape  interrupts. 

remove. headers  UNIX  system  shell  script.  Removes 

cassette  data  block  header  records. 

cat  UNIX  system  utility  to  view  file. 

tideplotl .bas  BASIC  program.  CRT  character  plot  of 

tidal  heights.  The  plot  is  used  inter¬ 
actively  to  check  record  sequencing  and 
correct  placement  of  data  records  in 
time. 

timexxl.bas;  BASIC  programs.  Conversions  between 

timeyyl.bas  record  counts  and  time  (hour,  Julian 

day,  year). 

shift. bas  BASIC  program.  Writes  corrected  output 

file  by  shifting  word  positions  so  as  to 
bring  data  into  correct  sequence. 

fix. bas  BASIC  program.  Substitutes  identifier 

voltages  and  adjusts  current  meter  sensor 
corrections  (volts  to  cm/sec)  when  field 
equipment  is  changed  in  'mid  cassette.' 
This  procedure  is  also  used  when  an 
identifier  voltage  has  failed  or  has 
been  temporarily  substituted  by  a  depth 
reading . 


Table  7  (continued) 


Procedure  Name 

Duty 

addrec.bas; 
remove  1 .bas 

BASIC  programs.  Add  or  remove  data 
records  (added  records  consist  of  missing 
words,  99999)  from  data  files  to  preserve 
sequence . 

headr .bas 

BASIC  program.  Write  batch  computer 
system  job  control  language  and  raw  data 
tape  header  block. 

submit 

UNIX  system  utility  to  transfer  data 
files  to  batch  processing  system. 
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Instrument  failures  required  an  additional  outlay  of 
data  processing  labor,  and  these  failures  occurred  frequently. 
Since  the  identifier  voltages  and  current  sensor  calibration 
values  differ  for  each  probe  system,  changing  probes  midway 
through  a  tape  caused  severe  problems.  The  batch  data 
processing  screening  software  checked  identifier  voltage  and 
applied  the  appropriate  current  corrections.  When  an 
instrument  was  changed  in  mid-cassette,  interactive  program¬ 
ming  was  required  to  "simulate"  the  old  instrument  by 
correcting  current  sensor  readings  and  substituting  the 
correct  identifier  voltages.  Some  instrument  failures  had 
been  anticipated  and  planned  for,  but  the  frequency  of 
instrument  failure  was  much  higher  than  expected,  and  this 
in  turn  greatly  increased  the  amount  of  effort  needed  for 
data  processing. 

Occasionally,  various  problems  with  the  recorder  would 
occur  in  the  field.  If  this  resulted  in  jams  and  scattered 
garbage  characters,  a  great  deal  of  time  and  use  of  the  text 
editor  was  necessary  to  correctly  format  the  data.  Some¬ 
times,  however,  no  usable  data  was  recorded  and  therefore  a 
dummy  file  was  created.  Figures  13a  and  13b  are  examples  of 
this  type  of  file. 

Data  reduction  and  graphic  production  procedures  also 
underwent  modification.  However,  compared  to  those  modifi¬ 
cations  necessary  to  prepare  the  data  for  the  LBL  processing, 
these  changes  were  relatively  minor.  Details  of  these 
latter  procedures  and  programs  are  contained  in  the  User’s 
Manual  for  the  Physical  Data  Display  Package  at  Lawrence 
Berkeley  Laboratory. 

The  final  stage  in  evolution  of  the  file  management 
procedure  followed  the  guidelines  of  our  initial  scheme  but 
had  certain  modifications  and  additions.  The  overall  flow 
scheme  of  the  data  processing  is  as  shown  in  Figure  15. 
Briefly,  the  procedure  was  as  follows: 


A.  Procedure  to  Screen  and  Process  Cassette  Data 

1 )  Field  books  kept  and  copies  of  field  sheets 
(Appendix  2)  used  extensively  in  determining 
time  sequencing  of  the  data,  in  understanding 
data  problems,  and  as  sources  of  ground  truth 
information. 

2)  Preliminary  Data  Screening  and  Processing; 
Producing  Raw  Data  Files  (Refer  to  Figure  14 
and  Table  7 ) . 

a.  Cassette  files  input  into  the  interactive 
computing  system  (UNIX)  via  cassette  reader 
designed  for  this  purpose.  Preliminary 
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Figure  15.  Overall  Flow  Scheme  of  Data  Processing 
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scanning  of  data  to  detect  obvious  equipment 
malfunction.  Files  written  on  9-track 
magnetic  tapes  for  permanent  file  storage. 

b.  Cassette  files  loaded  into  disc  files  and 
run  through  interactive  processing  procedures 
to  format  data  and  sequence  in  time.  Field 
notes  used  as  reference.  Preliminary  data 
screening  for  bad  characters. 

c.  Two  files  (two  weeks  each)  for  each  station 
concatenated  to  create  the  required  monthly 
data  file;  header  written  and  added  to 
beginning  of  file.  Completed  monthly  raw 
data  files  for  all  six  stations  written  on 
9-track  magnetic  tape  for  back-up. 

d.  Raw  data  files  transferred  to  the  batch 
processing  environment  via  a  UNIX  utility 
program  utilizing  another  9-track  magnetic 
tape.  (See  next  section  for  description  of 
these  programs). 

3)  Data  Screening  and  Preparation  for  Graphics 

Production;  Producing  Reduced  Data  Files  (Refer 

to  Figure  16  and  Table  8). 

a.  Raw  data  files  run  through  SCREEN  program. 
Data  screened  for  extreme  values.  Program 
also  rotates  axes,  transforms  data,  (vector) 
averages  and  applies  specific  corrections 
for  the  individual  current  meters,  generates 
time  code,  counts  and  writes  output  records. 
Output  scanned  by  user  and  evaluated  for 
data  or  instrument  problems. 

b.  Reduced  data  written  onto  9-track  magnetic 
tape.  These  data  constitute  "Reduced  Data 
Tape"  of  specifications. 

c.  Reduced  data  prepared  for  plotting  by 
DATAPREP  program.  Plot  array  files  created 
for  each  physical  parameter.  Files  written 
on  9-track  magnetic  tape  for  transfer  to 
Lawrence  Berkeley  Laboratory  GSS  system. 

B.  Procedure  for  Graphics  Production  (See  Figure  17 
and  Tables  9  and  9a). 

Production  of  graphics  at  Berkeley  is  greatly  aided  by 
the  sophistication  of  the  Lawrence  Berkeley  Laboratory  ( LBL) 
facilities.  The  LBL  facilities  make  it  a  routine  matter  to 
produce  35  or  so  microfiche  in  two  days  for  a  month  of  data. 
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Table  8.  Descriptions  of  Batch  Data 
Processing  Programs 


SCREEN 


SCREEN 
(Grizzly  Bay 
version ) 

DATAPREP 


DATAPREP 
(Grizzly  Bay 
version ) 

IEBGENER 


Fortran  program.  Create  file  of  screened 
data  from  raw  data  file. 

Fortran  program.  Create’ file  of  Grizzly 
Bay  screened  data  from  Grizzly  Bay  raw 
data  file. 

Fortran  program.  Create  plot  array  files 
for  each  physical  parameter. 

Fortran  program.  Create  plot  array  files 
for  each  physical  parameter  from  Grizzly 
Bay  data. 

IBM  system  utility  to  concatenate  files. 
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Table  9.  Descriptions  of  Graphics  Production 
(LBL)  Data  Processing  Programs* 


Procedure  Name 

Duty 

MFILE 

Produces  an  image  on  microfiche  of  a  full 
printout  of  the  plotfiles  for  each  variable. 
The  fiche  so  generated  usually  form  the  most 
convenient  basis  for  looking  up  a  specific 
data  value. 

VP  LOT 

Produces  graphs  on  microfiche  of  each  vari¬ 
able  versus  time.  In  the  case  of  currents, 
two  different  displays  are  generated:  speed 
and  direction  versus  time,  and  long-channel 
and  cross-channel  speed  components  versus 
time . 

PLTSF 

Produces  perspectives  on  microfiche  of 
salinity,  temperature,  turbidity  and  tide, 
the  x-axis  being  time,  the  y-axis  being 
either  station  (5  values)  or  depth 
(3  values),  and  the  z-axis  being  the  data. 

LPLOT 

Produces  overlaid  graphs  on  microfiche  of 
upstream-downstream  currents  versus  time. 
Currents  can  be  overlaid  by  depth  or  by 
station. 

TSCAT 

Produces  a  scattergram  on  microfiche  of 
turbidity  versus  salinity. 

DATAP 

A  general  purpose  data  screening  program 
that  also  produces  graphs  of  tide  height 
or  current  in  printer-plot  fashion.  As  a 
part  of  producing  one  of  the  current 
printer-plots,  it  also  generates  a  current 
file  used  by  LPLOT. 

*The  suite  of  programs  that  can  be  used  at  Lawrence  Berkeley 
Laboratory  for  the  generation  of  microfiche  is  fully  described 
in  the  San  Francisco  Bay-Delta  Estuary  Physical  Data  Display 
Package  User's  Guide"  This  table  gives  a  brief  description 
of  each  program. 
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Table  9  (continued) 


Procedure  Name 

Duty 

HI  LOU 

Produces  printer-plots  of  tide  highs  and 
lows.  In  particular  it  permits  the  suppres¬ 
sion  of  spurious  highs  and  lows  (due  to 
equipment  malfunction)  that  would  otherwise 
interfere  with  later  programs. 

DPLOT 

Produces  microfiche  of  tide  heights  relative 
to  MLLW  versus  time. 

HILOC 

Produces  a  compressed  data  file  containing 
information  on  the  times,  values,  and 
type  (Higher-high,  Lower-high,  etc.)  of  each  1 
or  low  water. 

HLOPR 

Produces  a  printout  showing  the  time  of 
occurrence  of  every  high  and  low  water. 

HLOMN 

Produces  a  printout,  similar  to  HLOPR,  but 
showing  occurrences  of  grouped  high  and  low 
waters,  each  having  a  common  mean.  The 
datafile  so  produced  is  used  in  the  plotting 
of  PLTHL  below. 

PLTCE 

Produces  microfiche  containing  contours  of 
tide  height  versus  time  and  station,  having 
superimposed  on  them  the  times  of  occurrence 
of  high  water  and  low  water. 

PLTHL 

Produces  microfiche  containing  the  time  of 
occurrence  and  value  of:  higher-highs, 
lower-highs,  highs  (any  type),  higher-lows, 
lower- lows,  lows  (any  type). 

Table  9a.  SCREEN  Selections 


Data  Type 

Amplitude 

Uncertainty 

Factor 

y 

Tide  height 

60  cm 

4 

6 1  cm 

Current  speed 

200  cm  s-1 

8 

405  cm  s 

Salinity 

10  o/oo 

3 

7 . 6  o/oo 

Temperature 

3°  C 

4 

3*C 

Turbidity 

50% 

8 

101% 

When  £iles  are  received  at  LBL,  the  data  are  assumed 
to  be  correctly  positioned  in  time,  and  screened  to  the 
extent  that  misleading  data  at  the  start  and  end  of  a 
record  have  been  removed.  Missing  data  will  have  been  set 
equal  to  9999.9.  Not  extracted  from  the  data  are  "noisy" 
data,  since  different  end  users  may  have  different  criteria 
for  what  constitutes  noise. 

With  the  exception  of  tide  records,  for  which  further 
special  handling  is  required  (see  below),  the  standard 
method  of  screening  data  at  LBL  is  to  compute  a  maximum 
tolerable  jump  per  time  step.  At  the  start  of  a  program, 
the  user  specifies  the  amplitude  "A"  of  the  expected 
phenomenon  (considered  to  be  a  sinusoidally  varying  quantity 
of  period  12.42  hours),  and  also  specifies  an  "uncertainty" 
factor  "U".  If  the  likely  instantaneous  value  of  the  data 
is  then  expressed  by 


y  =  A  sin  2iT_tf 
T 


where  "T"  is  the  period,  then  the  maximum  rate  of  change  is 
given  by  2tta/T.  The  maximum  permitted  change  in  the 
data,  per  single  time  step  of  At  will  thus  be  2 nAUAt/T . 

Since  missing  data  can  span  more  than  one  time  step,  data 
separated  by  nAt  are  tested  for  changes  greater  than 
2TrAUnAt/T.  If  the  change  is  greater  than  this  value,  the 
data  point  is  set  equal  to  9999.9.  The  method  is  of  course 
primitive  but  understandable.  Future  investigators  can 
easily  supply  their  own  SCREEN  subroutines. 

Standard  selections  for  A  (amplitude)  and  U  (uncertainty 
factor)  for  the  various  data  types  are  shown  in  Table  9a 
along  with  the  resulting  quantity  Ay  (2iTAUAt/T,  with  At  = 

1/2  hour  and  T  =  12.42  hours).  It  should  be  noted  that  this 
form  of  screening  only  takes  place  in  the  perspective  and 
contouring  programs,  not  in  the  scalar  curve-plotting 
programs  (with  the  one  exception  of  the  MLLW  tide  plot). 

Tide  data  undergo  additional  screening  by  hand  due  to 
the  need  to  compute  times  of  high  and  low  water.  (If  care 
is  not  taken,  any  change  of  sign  of  slope  will  be  taken  as 
indicating  a  high  or  a  low;  whereas  in  reality  it  may  only 
be  associated  with  a  noisy  record.)  A  program  is  run  which 
highlights  every  high  and  low,  whether  real  or  not.  It  is 
then  the  user's  responsibility  to  alter  those  noisy  values 
that  caused  false  highs  or  lows. 

The  avoidance  of  confused  plots  arising  from  noisy  data 
is  handled  in  a  fairly  routine  manner.  No  problem  is 
encountered  during  graph  drawing,  and  the  problem  of  missing 
data  in  contour  or  perspective  displays  merely  requires  the 
selection  of  a  sophisticated  program. 
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Probably  the  chief  problem  in  handling  data  at  LBL 
arises  from  slowly  failing  sensors.  When  this  happened  with 
tides,  the  approach  generally  taken  was  to  make  use  of  the 
times  of  the  highs  and  lows,  but  to  ignore  the  heights. 

Typically  a  user  arrives  at  LBL  with  a  single  9-track  IBM- 
compatible  magnetic  tape.  This  tape  must  then  be  converted 
to  CDC-compatible  form  and  subsequently  stored  on  the  LBL 
high-density  GSS  tape  system.  Since  this  procedure  is  slow 
it  is  best  that  this  first  job  submission  be  made  during  the 
evening  preceding  the  two-day  work  session. 

After  checking  that  the  files  have  been  successfully 
loaded,  a  typical  session  starts  by  submitting  groups  of 
jobs  (1)  to  provide  print-image  on  microfiche  of  the  actual 
data  values,  and  (2)  to  produce  simple  graphs  of  all  para¬ 
meters  versus  time.  Also  produced  at  this  time  are  the 
somewhat  more  complicated  current  plots.  A  step  that  can 
be  performed  nearly  simultaneously  with  the  tasks  above  is 
that  of  producing  perspective  plots.  It  should  be  noted 
that  the  major  task  of  the  user  is  to  produce  perfect 
control  cards  that  specify  file  names  and  microfiche  titles; 
the  smallest  mistake  at  this  stage  results  in  errors  of  the 
type  where  the  wrong  month  is  placed  in  the  microfiche 
title . 


The  remaining  steps  are  more  complex,  if  only  because 
jobs  must  be  run  in  a  fixed  sequence,  and  checks  must  be 
made  at  certain  points  to  ensure  error-free  work.  The 
complexity  of  the  process  is  illustrated  in  Figure  M  which 
shows  the  job  submission  sequence,  data  path  names,  and 
nature  of  the  output.  The  process  is  described  in  detail  in 
the  LBL  User's  Guide.  The  two  main  types  of  data  processing 
at  this  stage  are  currents  and  tides.  The  former  require 
processing  first  into  upstream/cross  stream  components. 

This  is  followed  by  jobs  that  display  currents  either 
overlaid  by  depth  (i.e.,  for  each  station ,  currents  for  the 
five  stations  are  displayed  simultaneously).  These  forms  of 
display  permit  the  user  to  answer  questions  of  the  type 
"What  is  the  delay  of  the  time  of  maximum  flood  current  at 
each  station?"  The  tidal  display  process  is  more  complex 
and  time-consuming.  In  addition,  to  ensure  that  there 
are  no  false  highs  or  lows  resulting  from  noisy  data,  the 
highs  and  lows  themselves  must  be  grouped  together  for  the 
purpose  of  contouring.  Lastly,  in  two  separate  display 
jobs,  two  data  sets  are  combined  together  so  as  to  provide 
the  user  with  information  both  on  the  quality  of  the  tide 
data,  and  on  the  highs  and  lows. 

Typically,  by  the  start  of  the  morning  of  the  second 
day  one  should  have  available  microfiche  of  all  quantities 
but  tides  and  overlaid  currents.  Also  available  at  this 
time  should  be  a  printout  of  the  individual  highs  and  lows. 


With  luck  only  small  changes  will  be  required  to  correct  the 
graphics  or  noisy  tide  data.  If  so,  the  microfiche  will 
usually  be  available  by  early  afternoon. 


Recorder  Clocks 


Because  the  positioning  of  the  data  in  time  was  often 
difficult  to  determine,  yet  crucial  to  further  processing 
and  interpretation,  an  attempt  was  made  to  solve  this 
problem  directly  by  inserting  an  independent,  absolute  time 
value  on  the  actual  cassette  tape  records  themselves.  In  the 
fall  of  1979,  discussion  between  KLI ,  Corps  personnel,  and 
InterOcean  representatives  led  to  the  design  and  installa¬ 
tion  of  recorder  clocks. 

The  clocks  were  to  have  the  following  properties: 

1)  The  "time"  must  be  knowable,  i.e.,  one  must  be  able 
to  interrogate  the  clock  or  "tell  time." 

2)  The  clock  must  be  capable  of  being  set  to  a  desired 
value. 

3)  The  clock  must  increment  (change  time)  on  time. 

4)  The  clock  must  have  an  independent  power  supply. 

The  clocks  were  installed  in  October  1979  during  the 
period  in  which  the  sensors  were  out  of  the  water  for 
servicing  and  calibration.  Initial  testing  as  well  as 
actual  field  performance  produced  unsatisfactory  results, 
however.  The  clocks  could  not  be  precisely  set,  nor  was 
their  timekeeping  sufficiently  accurate  or  reliable  to  be  of 
much  use.  A  detailed  description  of  these  problems  along 
with  hard-copy  documentation  of  actual  data  records  was  sent 
to  InterOcean  but  no  action  was  taken  by  them  to  correct  or 
improve  clock  performance. 

In  practice,  the  clocks  were  used  in  a  limited  fashion 
to  sequence  data  within  a  file  and  as  a  check  when  determining 
start  and  end  times  by  qualitative  means.  While  this  was 
useful,  it  came  nowhere  near  initial  expectations  for  level 
of  performance. 
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RESULTS 


Fifteen  months  of  data  collected  over  the  period 
February  1979  through  June  1980  have  been  processed  and 
reduced.  Additional  data  have  also  been  acquired  during  the 
period  July  1980  through  January  1981  by  the  U.S.  Geological 
Survey  with  financial  support  by  the  state  Department  of 
Water  Resources  and  the  federal  Water  and  Power  Resources 
Service  and  with  operational  support  provided  by  KLI .  Raw 
and  reduced  data  for  the  initial  15  months  have  been  written 
onto  9-track  magnetic  tapes.  Final  graphical  displays  of 
data  in  microfiche  form  have  been  submitted  to  the  government 
as  they  were  produced  throughout  the  project  period. 

Data  gaps  occurred  sporadically  throughout  the  duration 
of  the  project  as  indicted  in  the  summary  presented  in 
Table  10.  The  primary  causes  of  data  loss  fell  into  two 
categories:  equipment  failure  or  malfunction  and  outside 

interference  such  as  vandalism  or  collision.  Equipment 
problems  were  by  far  more  common  but  generally  resulted  in 
only  partial  rather  than  complete  data  loss  for  a  particular 
station.  An  exception  was  when  malfunction  occurred  in  the 
recorder,  in  which  case  all  data  would  be  lost.  Complete 
data  loss  also  occurred  when  a  recording  system  was  damaged 
or  destroyed  by  outside  interference. 

If  an  individual  sensor  on  a  probe  failed,  data  loss 
was  usually  restricted  to  that  parameter.  Even  though 
biweekly  checks  on  sensor  conditions  were  carried  out,  subtle 
cases  of  sensor  malfunction  were  sometimes  not  detected 
until  data  processing  was  complete.  Failure  of  an  entire 
probe  system  at  one  or  several  levels  was  more  obvious  and 
the  situation  thus  more  quickly  remedied,  except  when  spare 
parts  or  probes  were  not  available.  In  that  case,  data  gaps 
continued  until  the  repair  could  be  effected.  Recorder 
problems  were  by  far  the  most  serious  type  of  equipment 
failure  since  data  from  all  three  levels  were  affected. 

Files  filled  with  jams  or  spurious  voltages  or  short  files 
due  to  excessive  battery  drainage  because  of  shorts  in  the 
circuit  boards  are  examples  of  data  losses  that  could  be 
caused  by  the  recorder,  even  when  it  still  seemed  to  be 
functioning  correctly  during  field  checks. 

Three  stations  experienced  data  loss  due  to  outside 
interferences.  Stations  3  and  4  at  Benicia  and  Po-t  Chicago, 
respectively,  were  hit,  presumably  by  a  vessel,  and  necessi¬ 
tated  repair  of  equipment.  Another  collision  occurred  at 
Port  Chicago  but  with  minimal  data  loss  and  no  major  damage 
to  equipment.  Station  1,  at  San  Pablo  Bay,  was  subject  to 
an  apparent  act  of  vandalism  which  resulted  in  the  station 
being  out  of  operation  for  over  two  months  due  to  a  lack  of 
available  spares  at  that  time  (Appendix  5). 
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Table  10  (continued) 


i 

Time  Periods  (1979) 

19,20  April- 

2  May 

17,18  May- 

31  May 

Station 

2  May 

17,18  May 

31  May 

13,14,15  June 

Station  1 
San  Pablo 


Station  2 

Carquinez 

Strait 


Station  3 
Benicia 


Station  4 

Port 

Chicago 


Station  5 

Chipps 

Island 


Station  6 

Grizzly 

Bay 


No  usable  No  usable 

data  for  data  for 

entire  period  entire  period 


Unusable  data: 
18  May-31  May 

Code  B , C , D 


Missing  data: 
31  May-14  June 

Code  B 


Code  A ,C 


Code  B,C,D 


A  =  battery  failure 

3  =  recorder  malfunction 

3  =  sensor  malfunction 

D  =  cable/connector  malfunction 

E  =  no  obvious  equipment  malfunction 

-  =  complete  data  recovery 
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Table  IQ  (continued) 


Time  periods  iiy/y) 


13,14,15  June- 
27  June 


27  June- 
13,17,18  July 


13,17,18  July- 
6  August 


6  August - 
22,23  August 


Station  1 


San  Pablo 


Station  2 


Carquinez 


Station  3 


Benicia 


Station  4  No  usable 
data  for 

Port  entire  period 

Chicago 

Code  E 


No  usable 
data  (missing 
data  for  6*5 
days) 

Code  B , C 


Missing  data: 

26  July-6  Auaust 

Code  B 


Missing  data  for 
#1  &  #3  sensors 
Code  C 

Missing  data  for 
#2  sensor 
19-23  August 
Code  B 


Table  13  (continued) 


~1 

Time  Periods  (1979) 

22,23  August- 

17  September- 

2,6  November- 

27,28  November- 

Station 

17  September 

7 ,  3  October  * 

27,28  November 

11,12  December 

Station 

1 

_ 

_ 

Missinq  data: 

1 

27  November 

San  Pablo 

Code  F 

Station 

Missinq  data: 

No  usable  data 

Unusable  data: 

17  September 

— 

for  entire 

27  November- 

Carquinez 

Strait 

Code  F 

period 

Code  B 

4  December 

Code  B 

Station 

3 

Unusable  data: 

Missing  data: 

Missing  data: 

— 

29  September 

27  November 

11  December 

Benicia 

Code  B ( A) 

Code  F 

Code  B ( A) 

Missinq  data: 

30  Sep-3  Oct 

Code  B(A) 

Station 

4 

Missing  data  for 

Missing  data  for 

Missinq  data: 

<*1  sensor  for 

- 1  sensor:  17-20 

28  November 

Port 

Chicago 

entire  period 

Code  C 

September 

Code  C 

Code  F 

Missinq  data; 

1  Missinq  data: 

5  Sep- 17  Sep 

30  Sep-2  Oct 

Code  B 

Code  B 

Station 

5 

Missing  data: 

Unusable  data: 

Missing  data: 

Unusable  data: 

31  August- 

17-29  September 

27  November 

4-12  December 

Chipps 

I  s land 

17  September 

Code  3(A) 

Code  F 

Code  B ( A) 

Code  B (A) 

Station 

6 

Grizzly 

Bay 

Codes : 

A 

=  battery  failure 

B 

=  recorder  malfunction 

C 

=  sensor  malfunction 

D 

=  cable/connector 

malfunction 

E  =  no  obvious  equipment  malfunction 
F  =  data  cassett<  overflow 
-  =  complete  data  recovery 

*  Calibration  occurred  between  3  October  and  2  November  1979 
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Table  10  (continued) 


Time  Periods  (1979-1980) 

11,12  December- 

I - - 

26,27  December- 

10,11  January- 

29,30  January- 

Station 

26-27  December 

10,11  January 

29,30  January 

14  February 

Station  1 

Missing  data: 

Missing  data  for 

— 

— 

15-30  January 

entire  period 

San  Pablo 

Code  G 

Code  G 

Station  2 

Unusable  data: 

Missing  data: 

Missing  data: 

12-27  December 

— 

13-29  January 

30  Jan-14  Feb 

Carquinez 

Strait 

Code  B 

Code  B ( A) 

Code  B 

Station  3 

Benicia 

Station  4 

i 

Missing  data  for 
#1  sensor  for 

Port 

entire  period 

Chicago 

Code  C 

Missing  all  data: 
4-11  January 

Code  G 

Station  5 

Missing  data: 

Unusable  data:  j 

10  January 

— 

14  February 

Chipps 

Island 

Code  B(A) 

Code  B 

Station  6 

Grizzly 

Bay 

Codes : 


A  =  battery  failure 
B  =  recorder  malfunction 
C  =  sensor  malfunction 
D  =  cable/connector  malfunction 
E  =  no  obvious  equipment  malfunction 
F  =  data  cassette  overflow 
G  =  station  vandalized,  hit 
-  =  complete  data  recovery 
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Table  10  (continued) 


: 

Time  Periods 

(1980) 

14  February- 

26,27  February- 

12  March- 

21,25  March- 

Station 

26,27  February 

12  March 

21,25  March 

10  April 

Station  1 

Missing  data  for 

Missing  data  for 

Missing  data  for 

Missing  data: 

entire  period 

entire  period 

entire  period 

8-9  April 

San  Pablo 

Code  G 

Code  G 

Code  G 

Code  F 

Station  2 

Carquinez 

Strait 

Station  3 

i 

Benicia 

Station  4 

Missing  data: 

Missing  data  for 

Missing  data  for 

22-27  February 

entire  period 

— 

entire  period 

Port 

Chicago 

Code  B 

Code  B 

Code  B 

Station  5 

Chipps 

Island 

Station  6 

Grizz ly 

Bay 

_ J 

Codes : 


A  =  battery  failure 
B  =  recorder  malfunction 
C  =  sensor  malfunction 
D  =  cable/connector  malfunction 
E  =  no  obvious  equipment  malfunction 
F  =  data  cassette  overflow 
G  =  station  vandalized,  hit 
-  =  complete  data  recovery 


Table  10  (continued) 


Station 


Station  1 
San  Pablo 


Station  2 

Carquinez 

Strait 


Station  3 


Time  Periods  (1980) 


10  April 
28,30  April 


Unusable  data: 
25-28  April 

Code  B 


28,30  April- 
16,19  May 


Missing  data  for 
entire  period 

Code  3 


16,19  May- 
2  June 


Missing  data  for 
entire  period 

Code  B 


Benicia 


Station  4 

Port 

Chicago 


Unusable  data: 
21-30  April 

Code  B 


Unusable  data 
entire  period 

Code  B 


Stati'ji  5 

Chi ups 
Island 


S cation  6 


for 


Missing  data: 
25  May-2  June 

Code  B 


\ 


drizzly 

Bay 


Codes : 


A  =  battery  failure 
B  =  recorder  malfunction 
C  =  sensor  malfunction 
D  =  cable/connector  malfunction 
E  =  no  obvious  equipment  malfunction 
F  =  data  cassette  overflow 
G  =  station  vandalized,  hit 
-  =  complete  data  recovery 
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Table  10 


(continued) 


Time  Periods  (1980 


Station 


2  June- 
19,20  June 


19,20  June- 
2,3  July 


Station  1 
San  Pablo 


Missing  data  for 
entire  period 

Code  B,D 


Unusable  data  for 
entire  period 

Code  B , D 


Station  2 


Carquinez 

Strait 


Station  3 


Benicia 

Station  4 

Port 

Chicago 

Station  5 


Chipps 

Island 


Station  6 


Grizzly 

Bay 


Codes : 


A  =  battery  failure 
B  =  recorder  malfunction 
C  =  sensor  malfunction 
D  =  cable/connector  malfunction 
E  =  no  obvious  equipment  malfunction 
F  =  data  cassette  overflow 
G  =  station  vandalized,  hit 
-  =  complete  data  recovery 


74 


Overall,  data  recovery  was  about  67  percent,  representing 
approximately  1.8  million  data  points.  The  data  recoveries 
achieved  per  station  by  month  and  by  parameter  are  shown  in 
Tables  10  and  11. 

Tables  12  and  13  provide  a  guide  to  the  storage  system 
for  the  large  amount  of  data  generated  by  the  project. 

Figure  18  illustrates  the  raw  data  file  format  and  header  of 
the  9-track  tape  files.  Examples  of  microfiche  plots  of  the 
resulting  data  are  shown  in  Figures  19  through  34. 

Table  14  is  a  catalog  of  the  data  tapes  produced  by  the 
project.  This  table  can  be  consulted  by  data  users  in  order 
to  guide  them  to  the  data  tapes  of  interest. 
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Table  1 1 .  Data  Recovery  by  Parameter 


Station 

Number 

Percentage  of  Data  Recovered* 

All 

Parameters 

Tide 

Salinity 

Temperature 

Turbidity 

Currents 

1 

74 

90 

71 

76 

59 

76 

2 

59 

69 

52 

68 

49 

62 

3 

84 

83 

86 

90 

69 

87 

4 

41 

46 

40 

46 

44 

45 

5 

70 

73 

81 

80 

36 

75 

6 

68 

85 

85 

34 

— 

Average 

66 

72 

69 

73 

49 

69 

*Note:  Estimated  as  percentage  of  4012  five-day  frames  of  microfiche  data 
according  to:  *  Data  =  (#  of  Full  Frames  +  1/2  #  of  Partial 
Frames) /Total  Frames. 
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Table  12.  Data  Storage  System  Per  Month  of  Data 


Data  Type 

Filename  Format 

Storage  Mode 

raw  cassette  data 

cefrfxyy.a,  ce^yy.b* 

(12  files,  by  station) 

cassette  tapes  (12/mo) 

finished  raw  data 
with  header 

ce^xyy .fin 

(6  files,  by  station) 

9-track  magnetic  tape*** 
(1/mo) 

reduced  data 

ce^xyy. screen 
(6  files,  by  station) 

9-track  magnetic  tape 
( 1/mo) 

plot  data 

PLOTOX/SALT/MONTHYY* * 

(6  files,  by  parameter) 

9-track  magnetic  tape 
(1/mo) 

plot  files 

PLOTO 1 /S ALT/MONTH YY 

PLOTO 1 /GRI ZLY/SALT/MONTHYY 

GSS  Tape  37734  magnetic 
tape 

*  x  *  station  number  (1-6),  yy  =  month  of  data  (sequential). 

**  SALT  represents  salinity  data. 

***  9-track  magnetic  tape  characteristics:  800  BPI 

ASCII 

LRECL-80 

BLKSIZE-1600 
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Table  1 3 .  Permanent  File  Structure  Summary 


RAW  DATA  FILES  REDUCED  DATA  FILES 


Header  Characteristics: 


20  80  character  records 


1 

FILE  HEADER  BLOCK 

11 

78-JULIAN  DAY  END 

2 

U.S.  ARMY  CORPS  OF 

12 

1 979=YEAR  END 

ENGINEERS 

13 

6-FILE  NUMBER 

3 

SCREENED  DATA  FILE 

14 

2-TAPE  NUMBER 

4 

GRIZZLEY  BAY  STATION 

15 

1-REEL  NUMBER 

5 

16 

2-TAPES  IN  SUBMITTAL 

6 

6-STATION  CODE 

17 

1807  RECORDS 

7 

1 00-GMT  START 

18 

8 

41 “JULIAN  DAY  START 

19 

9 

19 79= YEAR  START 

20 

HEADER  BLOCK  FORMAT 

10 

1 600=GMT  END 

2H  ,18,18, 10A4 

Data  File  Characteristics: 


6N  80  character  records  3N  80  character  records 


Data  from 

3  instruments 

Columns 

Datum 

Format 

@  2  records/ instrument: 

1-3 

Station  Code 

13 

4  (4-tuple) 

of  -ID,  con- 

4-5 

Depth  Code 

12 

ductivity , 

temperature  , 

6-8 

Depth  (meters) 

13 

turbidity; 

4 (4-tuple) 

10-13 

GMT 

14 

of  +ID  (or 

tide) ,  Vx 

15-16 

Day 

12 

(current) , 

Vy  (direc- 

17-18 

Month 

12 

tion. 

19-20 

Year 

12 

3 (2(1615)) 

21-28 

Current  Speed 

F  8.2 

29-36 

Current 

F  8.2 

Direction 

37-44 

Salinity 

F  8.2 

PLOT  DATA  FILES 


T_  80  character 
records 

3  records:  numerical 
keys  describing 
characteristics  of 
contained  data  arrays. 
2(1018); 

4  records:  plot 
captions. 

4 (8A10) 


80  character  records 

Plot  data  array 
characteristics 
defined  by  header 
record  numerical 
keys;  data  from  each 
station  separated  by 
header  records  (these 
include  station 
specific  plot  cap¬ 
tions)  ;  single 
parameter  file 
(e.g.,  salinity). 


2(212,16,15,14, 4H  19,12 
6F8.2,I8) 


Usual  single  record 
format:  (10F8.2) 


o  < 

J  H  « 

o. 

>-  O 

ac  < 

uE  cr"  dJ 
<  <  < 
g  c- 

• 

tn  i  z 
•  <j  c 
D  ifi  W 


z: 

CD 
CC.  ZD 
VU  Ui 
U-J 

ac  s 

3H!fl 
-5  a 
co  u. 

Kl  U1  u 

w  a  u 
«tJ  w 

tc  t-» 

it  il 

<”  !V  J 

CD 

CD 


^  h-  CD  O'  O  ® 
«-  p-  r-  r  t-  CV|  ^ 


fN  C  O 
cr  r*.  vi; 
CN  CN 

cn  t-  cn 

IT  n 

r-  cr  r- 

^  r,  a 

o  «-  c 
i  l 

i r  vc  \c 
*-  O  «~ 

CN  U' 

»—  cn  o 
l  i 

ClNfs 
CD  C  O 
CP  CD  CD 

c  o  c 

rsj  cr  r- 
cr  c  cc 

(N  ^  (N 
CN  '  C 1 

cc  ^  cr 
CD  d  o 
ir.  (N  n 
c  «-  o 

I  I 

cr  r~  cr 
n  cc  cc 

i-  3”  c 
«-  CN  O 
I  I 

cr  cn  co 
CO  O  o 
in  cc  oc 
O  o  o 
I 

cr  re 
O'  n  o 
(Non 
CN  CN 

in  =t  t— 
in  cr  cn 

3  CN  rj 

o  o 

I  I 

o  in  oc 
uj  r  3 
*-3^1 
.N  O 
I  I 

O'  fN  f" 
co  o  o 

IP  cc  CO 
O  o  o 
I 

O'  ,-n  n 
t-  c  O 

n  vo  n 
r\i  i—  r\j 

'O  13  CO 
g  cr  ^ 
m  r\j 
O  <-  O 
I  I 

(N  r*  m 
cr  co  vo 
*-  3  'C 
«-  CN  O 
I  I 

co  <n 

a  o  o 

in  co  co 

o  c  o 

I  I  I 


C>  VC  CD  f- 

ir  3  n 

»-  r;  'u 

CN  (N  fN  ♦- 


O  O' 

'  v£  c  «“ 

I  r-  C  *~ 
'  CN  c  (N 
I 

ir  c\  n 
G  r*  m 
.  r-  CN  PD 

■  G  •“  c 
I  t 
j*  r*  fN 

■  cn  cc  m 
c  u'  ir 

:  o  cn  c 

i  l 

i  r^.  r:  cr 
o  <"**  r* 
ao  c  c 

i  G  <N  f- 

1  r-  c  o 

'  3  O  vO 

1  m  c  «— 

■  n  o  n 

» 

1  O  fN|  vC 
1  in  h  O' 
I  r-  CN  CN 

■  O  O 
I  I 

*  3  vo  in 
i  cn  cr  co 
!  cc  m  in 
l  O  <N  O 
I  I 
i  co  ni  O' 
I  O  rr* 

!  CO  CD  O 

>  O  CN  r— 

■  CD  G  «- 

cr  o  o 

>  rn  o  cn 

■  CN  G  CN 

I 

‘  'O  CN  o 
i  u;  n  h 
|  CN  rs|  CN 

■  o  o 

I  I 

■  U)  VC  O' 
u )  CD  CN 

i  vj  in  ^ 

I  O  CN  O 

I  I 

I  r-  CN  cr 
i  o  r* 
CD  CD  O 
O  fN  »“ 

i  o 

n  o  CN 

n  o  cn 

CN  O  <N 

I 

co  cn  r- 
in  o> 

fN  CN  <~ 

o  *—  o 

I  I 

r-  vn  vo 

O  CD  CD 

in  m  3 
o  mo 
i  I 
ir  no 
o  nr 
co  aj  o 

O  CN  r- 


JW.IMI  C»*S 

|[,i;n  ;r»T)0»  )  "ISClC  level 


KDICK  Storo*  J  »I00U  lt«tl 


gure  19.  Microfiche  Plot 


Currents,  Benicia 
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Figure  21.  Microfiche  Plot  -  Up  and  Down  Channel  Currents, 
Benicia 
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Figure  33.  Microfiche  Plot  -  Turbidity,  Mid  Level,  All  Stations 
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Table  14.  Catalog  of  Data  Tapes  (continued) 
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Table_14.  Catalog  of  Data  Tapes  (continued) 


ai 

e 

4) 

m  * 

10 

B  U 

tO 

x<a  v 
o  c  o 
u  v 
CUi-i  u 
Cu  <0  V 
<  u  a, 


>1  U 

u  IQ 

m  a 
sou 

C  4J  a 

to  4)0 

*3  O  h  00 

oo  os . 

O  ft  r-  r- 
ms  —  CM 


)h 

10  J3 

3  O 
U  0  U 
jQ  4J  10 
4)  SO 
bO  00 
ao  m  os 

I**  OS  CM  «— 
N-  * 


tJ 

—  4) 

tJ  I  O 
43  -H  3 
C  *>  'O  Ifl  4J 
tl  C  «  4)  « 
41  4)  as  <0  a 
n  •o  \o  u 

U  H  H  0 
CO  4)  ■ —  Cu 
«—  4)  XJ  *0 
QU  <0  4)  4) 
■O  <0  J  C  S 
41  H  4)  <0 
O  O'  4)  C 
3ACU4I 

T3  4J  O  >-l 
4)  tO  >,  03 


> 

C  <0 
4)  ig  q 

e  4) 

•m  X  c 
e*  <o 
■C  -H 
n  u  ^ 

C  -h  3 
M  »  f3 

T3  4)  « — 
H  41  41  U 
4)  U  6  (0 
•flO-H  4) 
lb  ^  Eh  >4 


O  O  O  O  O 

oo  oo  oo  oo  oo 

Os  OS  OS  OS  O' 


o  o  ©  o  o 
ao  oo  oo  oo  ao 
os  os  os  os  os 


o  o  o  o  o  o 
oo  oo  oo  oo  oo  oo 
os  os  os  os  os  os 


VfS  sfs  sf>  ITS  sD 


t"  00  oo  00  00 
ifl  i/i  us  us  in 


in  os  m  m  in  in 
oo  r-*  oo  oo  oo  ao 


OQOOO 

i  ms  o  o  o  o 
i  r**  os  o  r-  oj 
i  —  «-  cm  cm  cm 


o  o  o  o  o 
l  oownm 
I  ni  o  00  MN 

I  (NN--IN 


O  O  O  O 

I  O  O  I  m>  m> 

I  P'03  I  (M« 

'’"—INN 


O  O  O  O  O  O 

1  nnoomo 

I  MlNOSO<-f> 
l  cm  cm  •—  cm  cm  — 


4>  >i 

e  c  m 

•H  <o  Q 
Eh  4) 

X  c 
4J  to 

U  JS  -H 
«3  C3  rM 
4J  -H  3 
m  Jig 
c 

•o  43  *  -* 
4-t  43  43  U 
4)  Uj  6  <0 
•H  O  -H  4) 

&*  &h  X 


OQOOO 
00  00  00  00  00 
os  os  os  os  os 


o  o  o  o  o 

00  03  00  00  00 

os  os  os  os  os 


o  o  o  o  o  o 
oo  oo  oo  oo  oo  oo 
os  os  os  os  os  os 


ft  ft  -  o  o 
(N  rM  ns  M  M 


us  us  in  us  us 

sf  sf  Sf  ST  (f 


(MMoiNmns 

r«-  r*  oo  r»  p*-  r*- 


O  Q  O  O  O 

I  noomro 
i  o  mi  o  oo  o 

I  PM  CM  O  -  N 


O  O  O  O  o 
I  O  m  ns  ns  ns 
I  00  OS  O  —  CM 
I  —  CM  CM  CM 


O  O  O  O 

l  ms  o  too 

I  O  O  |  00  ms 

I  O  CM  I  — •  CM 


O  O  O  O  O  o 
I  ms  o  o  ms  o  o 
I  p»  os «—  o  ms  o 
I  —  —  O  CM  CM  O 


43 

*3  O' 

*3  C 
43  -4  (0 
to  >iHJ 
03  SM  00 
fl'HQ 
C3 

_  C  > 

<0  41  <0  43 

v  as  s 

43  M  \  tO 

Q  -s  c 


3  0,22 

<0  (0  10  *H 

05  Eh  J  Cu 


—  CM  ns  ^  in  \o  n-  CM  ms  np  tf)  so 

O  © 

43  4) 

O  O 


cm  ms  us  so 


—  cm  ms  ms  hp  in  vo 

o  o  o 

43  43  41 

(3  (3  O 


I 


V 

e 

0)  -M 

■u  Eh 
<0 

e  u 

•pH  03 

X  >0  'O 

0  c  o 

u  0)  -H 

u 

am  u 

<(JO) 


T3 

0) 

>0  I  O 

4>  3 

C  4J  T3  «J  4J 

4)  C  4)  -U  IQ 

a>  a>  os  io  s 

vn3\Q  u 

O  H  H  O 

W  <U  - —  Cfci 

■O'  (U  A  X! 

a««v 
xi  io  j  c  e 

Oj  E-i  4)  10 

V  Di  V  C 

aacbt) 
•a  4J  -H  O  <H 
®  10  >1 W  *H 
«  Q  <«  w  fa 


>1 
C  10 
<D  10  Q 

e  <u 
•-I  x  c 

Eh  A 
jC  -h 

X  OrH 
C  -M  3 
U  JfJ 

c 

T3  0)  -  — 
H  4)  0)  H 

HI  X  E  io 

•H  o  -H  4) 
Bu  —Eh  X 


4)  X 

earn 
•«h  <o  a 

Eh  4) 

X  c 

-U  10 

M  JS  -H 
O  OH 
*I'H  3 

W  *  lx 

c 

•o  0)  *-~ 

f-t  4>  4)  a 

4)  u  e  <0 

•pH  <JJ  -H  4) 
&4  —  Eh  X 


4) 

*J  O' 

■u  c 

4)  *h  eo 
(0  X  hJ 

nw  ig 

(0  -H  Q 
U  *J 

c  » 

<0  V  (0  4) 

jj  T3 «  e 

10  MS  Ifl 

a  HD 

*8,11.25 

IQ  <Q  IQ  -M 
OS  Eh  iJ  Bu 


JS  1-1 

rH  O 

O  -H 

•H  00 

u  0  u 

U  0  O' 

io  hj  a 

0,-U  — 

X  <  o 

< 

O  00 

©  4) 

m  co  o  os 

O  00  C 

CM  <7l  CO  <- 

M  ffl  3 

*  r—  v 

*“  00 

00 

CM  CM 

CM  CM 

c 

c 

4) 

4) 

4) 

4) 

u 

U 

0 

0 

to 

(0 

VO 

V— 

r— 

X 

X 

o 

o 

4) 

4) 

o 

U 

o  o  o  o  o  o 

o  o  o  o  o  o 

O  O  O  O  O 

o  o  o  o  o 

ao  oo  co  co  oo  ao 

00  00  00  00  00  00 

00  00  00  00  00 

ao  oo  ao  ao  ao 

0^  OV  (7\  9 

0V  0>  O  OV  0^  0> 

0V  ov  ov  w  ov 

0^  0\  0V  0^  ov 

»-  as  *-  —  —  in 

r-  o  ao  ao  r- 

Hf  H|>  HT 

o  o  o  o  o  o 

CM  •-  CM  CM  CM  CM 

Hvfnnn 

m  m  m  m  m 

a  a  o  o  o  o 

O  O  O  O  O  O 

o  o  o  o  o 

o  o  o  o  o 

m  ro  rn  rn  m  n 

o  o  ro  o  ro  m 

l  o  <n  co  o  o 

1  o  o  o  o  o 

vo  r*  oo  a>  o  cm 

\fif-onmo 

1  —  r»  o  o  co 

1  in  io  x  ao  <7i 

CM  CM 

CM  CM  CM  CM  O 

1  CM  *"  O  O  CM 

o  o  o  o  o  o 

o  o  o  o  o  o 

o  o  o  o  o 

o  o  o  o  o 

ao  ao  oo  oo  ao  ao 

00  00  00  00  CD  00 

00  00  OO  00  00 

ao  ao  as  e»  eo 

0^  0V  0>  <Tv  G>  0> 

0>  0>  0>  <J>  CfV  0> 

0\  0^  0>  0V  oh 

9  0V  0V  0>  0> 

*-  vo  in  m  in  in 

<7l  CM  CM 

r~  o  ao  ao  r-» 

00  00  00  00  00  00 

o  o  a  o  o  o 

•-  CM  CM  CM  CM 

co  c">  co  ro 

o  o  o  o  o  o 

o  o  o  o  o  o 

O  O  O  O  O 

o  o  o  o  o 

m  o  o  o  o  rn 

o  o  o  o  o  o 

i  poonoo 

1  n  n  n  m  po 

OQO*-(Nh 

r*  ao  av  o  ro 

i 

I  »—  oo  o  co 

O  O  CM  IN  IN  «- 

»-  f-  r-  (M  OJ  (M 

1  CM  CM  CM  O  O 

1 N-OON 

<0 

JQ 

<0 

& 

• 

• 

• 

• 

10 

vo 

r* 

*■» 

h-  m  co  m  vo 

*-  cm  co  m  vo 

»-  CM  CO  in  VO 

o 

o 

o 

o 

4) 

4) 

4) 

41 

O 

U 

y 

O 

1 

102 

*  * 

¥ 


X  T3  'O 
0  C  0 
W  4)  -H 
Qi<-I  Vi 
O.  IQ  4> 
<Uh 


O  >1 
00  .-H 
tfl  3 
«“  P5 

o 

4>  m  oo 
C  -  O' 
3  IN  <- 

rs 

0 

IN  *> 


T3 

~  « 

•D  I  O 
4)  -h  3 
C  -U  tJ  10  *J 
«  C  «  -u  10 
41  4>  OS  4J  8 
U  tJ  \Q  U 
O  H  H  0 
W  0>  Ow 
^  0)  .0  "0 
a  <o  4>  4> 
THJCB 
V  E*  41  <0 
O  O'  41  C 
3  (0  C  U  4) 
•O  4J  -w  O  >-( 
4)  >0  >.C0-H 
OS  Q  <4-1  CLi 


>i 

C  <0 
4»  <0  Q 
8  V 
•w  X  C 
E*  10 
•C  -h 
-a  oh 

C  -H  3 

M  5  rs 

T>  <U  «•*— 
h  «  it  h 
4)  u  b  m 
hUh  4) 
—  E-i  JM 


o  a  o  o  o 
oo  ao  oo  oo  oo 
Ol  Ol  Ol  (A  04 


CNCN«—*“*— 

r*  r*>  r- 1*»  p* 


o  o  o  o  o  o  o 

00  CD  00  00  CO  CO  CO 
04  04  04  04  04  04  04 


v«  HP  N*  N>  m  m  in 
P>.  00  OO  00  00  00  CD 


O  O  O  O  O 
I  O  O  HI  O  HI 
I  tfl  H|  HI  IN  O 
I  —  IN  IN  IN 


O  ©  O  O  O  O  © 
H)  hi  ©  o  hi  ©  hi 
PPOM(4IO<- 
-  -  PI  N  N  N  O 


a>  >, 

6  c  «o 

•H  HQ 
Eh  0> 

X  c 

u  <a 

O  Oh 
U-4  3 
tO  »  >3 

c 

•D  4)  »« 
-4  4J  4>  Wi 
4)  U  8  rtj 
•h  C5  -h  4> 
ft-  —  6h  X 


o  o  o  o  o 
oo  oo  oo  go  ao 
04  Ol  04  04  04 


o  o  o  a  o  o  o 
ao  oo  oo  oo  oo  oo  oo 

04  04  04  04  04  04  04 


<*  HP  X"  in 

m  m  in  in  in 


CN  ID  IN  IN  CN  *-  *- 

p«  p»  r-  rn  pH  r-  r» 


qqqoo  oaaoooa 

I  HI  HI  HI  O  HI  OOHIOOHIO 

I  ifllOPPOl  -OOlflNON<- 

I  »—  *■*  r—  IN  o  <N  IN 


4) 

U  04 

U  G 

01  >iJJ 

«<w  fl 
«  -H  Q 
O  4J 

c  * 

|Q  41  <0  41 
**  T3  at  e 
<Q  M  \  IQ 

ft  c 

»&S£ 

IQ  IQ  IQ  -H 

OS  Eh  U  A. 


HNnomie 

o 

4) 

O 


H-NPINiniO 

oo  o 
41  41 
0  0 


I 


RECOMMENDATIONS 


» 


» 


» 


In  order  to  ensure  continuous  data  collection  with  as 
few  interruptions  as  possible,  it  was  necessary  that  the 
instrumentation  in  the  field  be  kept  operational.  Due  to 
the  high  failure  rates  experienced  and  the  limited  number  of 
spares  available,  the  mechanics  of  field  operations  occupied 
a  substantial  portion  of  project  efforts.  Our  ability  to 
perform  preventive  maintenance,  special  studies  on  sensor 
performance,  and  instrument  check-out  was  severely  limited 
because  all  spares  (and  often  some  station  instruments)  were 
either  undergoing  emergency  repair  or  being  immediately 
rotated  back  into  the  field  as  replacements  for  newly 
failed  instruments. 


At  the  beginning  of  the  program  it  was  assumed  that  the 
major  problems  would  be  in  successfully  mooring  the  instru¬ 
mentation,  considering  the  adverse  environmental  conditions 
and  the  possibility  of  vandalism.  However,  the  mooring 
efforts  proved  to  be  very  successful,  and  it  was,  instead, 
the  abnormally  high  instrument  failure  rate  that  presented 
the  major  problem. 


The  data  processing  scheme  followed  that  of  the  original 
project  specifications.  Emphasis  was  thus  on  producing 
monthly  9-track  data  tapes  and  three-dimensional  data  plots, 
with  all  data  interpretation  left  to  later  users.  Difficulties 
in  time  sequencing  of  resulting  data  (due  to  interrupts  in 
the  cassette  recording  system,  along  with  frequent  field 
substitution  of  instruments)  considerably  complicated  and 
slowed  monthly  data  turnaround.  Detection  of  additional 
instrument  problems  not  apparent  from  field  check  procedures 
was  also  delayed. 


If  additional  data 
under  this  program,  the 
in  order  to  improve  the 
obtained . 


collection  efforts  are  attempted 
following  recommendations  are  made 
amount  and  quality  of  the  data 


Instrumentation 


Obviously,  instrumentation  reliability  must  be  improved 
to  ensure  increased  quality  and  quantity  of  future  data 
recovery.  Because  of  a  large  existing  investment  in 
present  instrument  systems,  the  only  practical  approach  is 
to  utilize  these  instruments  and  put  additional  efforts 
into  increasing  their  reliability. 

First  of  all,  there  should  be  a  careful  evaluation  of 
the  component  systems  with  respect  to  reliability,  from  an 
engineering  as  well  as  an  operational  viewpoint.  Since  all 


I 
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sensors  or  components  were  not  equally  prone  to  failure, 
efforts  would  be  focused  on  those  priority  items  which 
caused  the  most  serious  problems  and  also  on  those  for  which 
practical  solutions  can  be  devised. 

For  example,  the  frequent  recorder  failures,  resulting 
in  tape  interrupts  and  sometimes  complete  failure  to  record 
station  data,  were  responsible  for  the  greatest  percentage 
of  data  loss.  Obviously,  efforts  to  solve  these  problems 
should  be  a  priority.  However,  problems  in  other  systems 
are  often  related.  For  example,  cable  failures,  particularly 
the  turbidity  sensor  cables,  often  drained  recorder  battery 
life  such  that  a  complete  failure  to  record  all  station  data 
occurred.  Time  clock  problems  also  slowed  data  recovery. 
Accurate  time  keeping  by  these  clocks  would  allow  computer 
rather  than  manual  checking  of  data  time  sequences,  thus 
alleviating  many  of  the  data  interrupt  problems. 

Another  priority  item  is  that  of  depth  sensor  performance 
Failure  (usually  leakage)  of  sensors,  major  drift  in  calibra¬ 
tions,  and  apparent  long  response  time  problems  need  attention 
Tests  to  determine  the  sources  of  these  problems  and  to 
define  methods  of  fixing  these  defects  are  needed  so  that 
reliable  and  accurate  tidal  data  can  be  obtained. 

Conductivity,  temperature,  and  current  sensors  in 
general  performed  much  more  satisfactorily  than  other  sensors. 
Effort  here  should  be  directed  toward  trying  to  reduce  the 
failures  of  these  sensors  due  to  component  malfunctions. 


Data^  Processing 

The  data  management  scheme  presently  implemented  seems 
to  work  quite  adequately  when  the  hardware  is  functioning 
well.  Hardware  problems  generally  slow  down  data  "production" 
significantly.  This  results  primarily  from  the  system  being 
designed  around  the  sampling  hardware  specifications  from 
the  manufacturer. 

Once  the  data  are  in  "standard  file  form,"  i.e.,  on  GSS 
files  at  LBL,  the  processing  procedures  are  straightforward. 
However,  preliminary  to  preparing  those  files,  we  have 
encountered  difficulties  which  slow  down  production.  Most 
of  these  difficulties  are  inherent  in  the  basic  design  of 
the  software  system  which  reflects  the  original  specifications 
for  data  processing  as  well  as  normal  equipment  performance 
expectations.  The  present  system  does,  however,  rely 
strongly  on  interactive  processing  without  which  processing 
the  data  would  be  virtually  impossible  due  to  the  variety  of 
data  problems  which  we  have  encountered. 
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Data  management  could  be  substantially  enhanced  if  the 
following  modifications  were  implemented: 


1.  Change  "monthly"  orientation  to  "cassette"  orientation. 
Extensive  file  management  is  required  to  sample  and 
process  data  on  a  monthly  schedule.  By  the  simple 
expedient  of  creating  "ghost"  GSS  files  of  missing  data, 
these  previously  created  data  files  can  be  modified 
(i.e.,  filled)  with  "non-missing"  data  as  they  are 
collected.  Therefore,  no  monthly  scheduling  is  necessary 

and  data  may  be  handled  in  the  most  "natural"  unit - the 

cassette  file. 

Enter  into  production  with  interactive  data  plotting  of 
the  raw  data.  We  have  already  designed  software  which 
will  plot  averaged  data  from  a  sensor  package.  We  have 
not  implemented  this  phase  since  it  is  labor  intensive 
and  tends  to  duplicate  (computationally)  operations 
performed  by  later  screening  programs.  We  think  that 
use  of  this  step  is  important  for  turning  around  informa¬ 
tion  rapidly  on  the  performance  of  a  sensor  package. 
Naturally  "turnaround"  of  these  plots  would  be  enhanced 
by  data  files  being  shorter  (i.e.,  one  cassette's  worth, 
not  two).  We  would  also  modify  this  existing  software 
to  do  the  major  screening  and  array  assembly  (for  LBL 
GSS  files).  By  this  latter  expedient,  we  would  short-cut 
a  substantial  body  of  procedures.  This  would  also 
clearly  delimit  the  respective  realms  of  interactive/batch 
environments.  Note  that  there  would  be  a  shift  of  user 
labor  from  batch  processing  to  interactive.  We  see  this 
as  a  positive  step  because  the  production  of  interactive 
plots  would  be  an  invaluable  biproduct,  since  having  the 
data  quickly  displayed  in  time  series  graphics  is  the 
most  efficient  means  of  discerning  subtle  hardware 
problems . 

An  addition  to  the  presently  designed  (but  not 
implemented)  interactive  plot  program  is  required  to  use 
it  as  a  screen  and  array  assembler.  Routines  for  creating, 
managing  and  filling  GSS  files  at  LBL  are  also  required. 


Were  a  redesign  of  the  clocks  deemed  feasible,  additional 
interactive  software  to  help  automate  the  sequencing  of  data 
records  would  be  indicated. 


Field/Laboratory  Operations 

In  addition  to  sensor  failures  in  the  field,  experience 
has  shown  that  sensors  can  give  spurious  values  that  are  not 
detected  during  regular  field  servicing  (e.g.,  deck  readout 
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may  signal  a  strong  bottom  current  yet  actual  verification 
would  require  lowering  a  duplicate  instrument  package). 

Present  ground-truth  measurements  have  consisted  of  simple 
instrument  readings,  usually  at  the  surface  only.  A  second 
characteristic  of  present  operations  was  to  leave  instruments 
deployed  in  the  field  until  failure  occurred. 

If  instrument  reliability  can  be  increased  to  the  point 
that  spares  are  actually  available,  then  much  improved 
operational  procedures  can  be  implemented.  This  effort 
should  be  given  priority  consideration.  First  of  all,  a 
regular  schedule  of  rotating  instruments  back  to  the  laboratory 
for  functional  checks  and  for  calibration  checks  could  be 
implemented.  Preventive  maintenance  should  reduce  failures 
somewhat,  and  regular  calibrations  would  increase  confidence 
in  the  accuracy  of  sensor  readings  and  detect  drifting  or 
spurious  readings.  As  a  secondary  measure  (because  of 
on-station  time  restrictions),  some  additional  ground-truth 
measurements  at  depth  could  be  added. 

Boat  positioning  and  on-station  operations  were  difficult 
in  the  fast  current  regimes  encountered,  but  satisfactory 
and  safe  procedures  were  worked  out.  Minor  modifications  to 
mooring  equipment  are  recommended  for  convenience  and  to  ease 
somewhat  the  physically  demanding  aspects  of  the  station 
servicing.  However,  the  major  recommended  change  would  be 
the  use  of  a  high  pressure  water  spray  device  to  clean  summer 
fouling . 


